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ABSTRACT
The estuarine section of the Lower Gordon River is approximately 38km long and has been 
used as a navigable waterway since its discovery in 1815. Early usage was connected with 
the extraction of valuable timber growing in the area, but as that resource declined tourist 
cruises took over as the dominant use of the river. In the last decade the tourist industry 
expanded rapidly, resulting in new, larger and faster boats operating on the river at 
increased frequencies. This produced a sudden increase in both the size of waves and the 
frequency of impacts on the banks, which resulted in the rapid erosion of many kilometres of 
previously stable river bank. As the banks retreated the temperate rainforest lining the 
river toppled into the water, significantly degrading the aesthetic qualities of this World 
Heritage listed area.
The aims of this thesis, using the Lower Gordon River as an example, were to investigate:
• Methods of assessing, monitoring and controlling bank erosion by boat-generated 
waves.
• The processes of wave erosion of different bank types.
• The relationship between various wave and sediment characteristics and bank erosion 
rates.
A survey of the severity of erosion along the river showed that it was concentrated on the 
inside convex bank at the apex of bends, confirming that boat-generated waves were the 
primary cause. Erosion followed a three stage sequence. After an initial phase of surface 
plant root exposure the protective root mat on the bank face was breached and the bank 
undercut at the point of maximum wave attack. This notch increased in size until the upper 
part of the bank and its supported vegetation collapsed into the river. Of the seven different 
bank types found along the river only three (levees, colluvial slopes and low, fine-grained 
alluvial banks) were eroding. However, these bank types comprised about 80% of total bank
The three cruise boats currently operating on the river were used to generate wave trains at 
different boat speeds. These were measured with a wave probe and chart recorder. For each 
wave train three erosion indices (suspended load, swash load and bank retreat) were 
measured at a nearby bank. The results indicated a significant jump in wave erosive power 
above wave heights of 30cm to 35cm and low erosive energy below 12cm. Based on these 
results, speed and frequency restrictions were imposed on the tourist boats operating on the 
Gordon. The effectiveness of these restrictions was monitored for two and a half years by 
measuring erosion rates using erosion pins embedded horizontally in the river banks. The 
restrictions have prevented further serious erosion of all bank types except the levees.
In an additional experiment undisturbed samples from different bank sediment types found 
along the Lower Gordon and nearby Henty Rivers were subjected to controlled wave attack in 
a laboratory wave tank. Below wave heights of 15cm (the maximum generated in the wave 
tank) erosion rates were found to be largely independent of variations in wave 
characteristics, but dependent on variations in sediment characteristics. The results also 
show that exposed sandy sediments with low organic contents and low cohesion, such as those 
making up the levee banks, can be eroded by waves as low as 4cm.
This study has shown that definite thresholds exist in the erosive energy of waves. These can 
be defined in terms of easily measured wave characteristics such as the maximum wave 
height in a wave train. Maximum wave heights can be linked to boat speeds and used as a 
basis for navigation restrictions that can effectively control river bank erosion by boat­
generated waves.
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INTRODUCTION
The problem of erosion of natural river banks by the waves generated by passing boats has 
been recognized only recently on many rivers, and consequently the processes involved have 
not been studied in any detail. Although there have been many quantitative studies of natural 
processes of bank erosion, the wave and sediment characteristics that control erosion rates 
when an exposed river bank is subjected to attack by boat-generated waves are largely 
unknown. It has therefore been impossible to predict the effects that the increasing numbers 
of large, high powered boats will have on the banks of the rivers on which they operate.
STUDY OUTLINE
This thesis will investigate;
• Methods of assessing, monitoring and controlling bank erosion by boat-generated 
waves.
• The processes of wave erosion of different bank types.
• The relationship between various wave and sediment characteristics and bank erosion 
rates.
The area chosen for this study was the navigable section of the Lower Gordon River in 
southwest Tasmania (Figure 1.1). This extends from the river mouth to its junction with 
the Franklin River and is essentially the tidal, estuarine section of the river. The Lower 
Gordon River was chosen for investigation because it was the site of severe unnatural erosion 
in an area of great scenic beauty listed with the World Heritage Commission in Geneva. Its 
banks contain a wide range of different sediment types and it could be shown that recent 
severe erosion was primarily caused by boat-generated waves. Boats capable of generating 
bank damaging waves are a recent phenomenon on many scenic rivers, such as the Gordon, 
and, ironically are often operated by the tourist industry.
The initial fieldwork for this study was done in February 1987. The river banks in the 
study area were surveyed and classified, the severity of erosion on each section of each bank
3 0009 02896 6997
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type assessed, and a number of cross-sections surveyed across the river banks along which 
sediment samples were taken to provide information on sediment type and stratigraphy. This 
part of the study is dealt with in Chapter 3. The causes and processes of bank erosion along 
the river were also examined at this time and a bank erosion monitoring program set up to 
assess the effectiveness of restrictions on boat speed and trip frequency in controlling bank 
erosion. These two topics are dealt with in Chapters 4 and 5 respectively.
In May 1987 an experiment was carried out on the river to measure variations in the rate of 
bank erosion caused by variations in the height and energy of the waves generated by the 
three tourist boats operating on the river. This experiment is described in Chapter 6. 
Chapter 7 deals with an investigation of the effects of waves of varying characteristics on the 
erosion of different sediment types. This part of the study was done in a laboratory wave 
tank using sediment samples from the banks of the Gordon and Henty Rivers.
WAVES AND RIVER BANK STABILITY
Thorne and Tovey (1981) have summed up river bank stability most succinctly:
" The stability of river banks depends on the balance of forces, motive and 
resistive, associated with the most critical mechanism of failure. Many 
mechanisms are possible and the likelihood of failure occurring by any particular 
one depends on the size, geometry and structure of the bank, the engineering 
properties of the bank material, the hydraulics of flow in the channel and climatic 
conditions. "
However, this type of general statement leaves out important factors affecting bank stability, 
such as boat waves, which are not natural features of the river environment and are not 
common to all rivers or to all parts of a river. The range of variables involved in bank 
erosion is summarized in Table 1.1. In general, bank characteristics affect bank stability in 
the following way; the higher the percentage of sand and gravel in the bank sediment, the 
higher the bank sediment moisture content and the steeper the bank slope, the lower the 
stability of the bank; whereas the higher the percentage of silt, clay and organic matter in 
the bank sediments, and the higher the density of the vegetation cover, the greater the 
stability of the bank.
VARIABLES AFFECTING RIVER RANK EROSION
I. HYDRAULIC PARAMETERS
A. Fluid properties 











5 . Velocity distribution
6 . Turbulence
7 . Shear stress
8 . Drag force
9 . Lift force
1 0. Momentum force
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V II. CLIMATIC FACTORS
A. Freezing
1 . Ice thickness
2 . Duration
























TABLE 1.1 Variables influencing river bank erosion 
(Simons et al., 1982).
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Most researchers report that bank erosion and mass bank failures are episodic, most 
commonly occurring when thoroughly pre-wetted banks are subjected to river flows at or 
above bankfull stage (Wolman 1959, Little et al. 1982, Hamel 1983 and Hagerty et al. 
1983). In fact, Simons et al. (1982) estimated that 90 to 99 percent of all significant bank 
erosion occurs during floods. While this may be true for most naturally eroding rivers, it 
overlooks the effects of boat-generated waves which, though often localized, may operate 
independent of variations in river levels and climate.
Of the large number of variables that may influence bank stability, boat-generated waves 
have been generally considered of minor importance. However, there have been very few 
quantitative studies on the effects of boat waves on river banks, and very few studies have 
been able to isolate the effects of boat waves from other factors causing erosion. Large, high 
speed vessels are becoming increasingly common on many rivers and it is probably safe to 
say that on nearly all rivers used by boats the magnitude and frequency of boat wave impacts 
on the banks is increasing. Boats generally operate on the middle, and particularly on the 
lower, estuarine reaches of rivers. River estuaries are usually areas of sediment deposition 
whereas the middle reaches are often in equilibrium with respect to erosion and deposition. 
Scholer (1974) argued that the introduction of boat-generated waves as a new erosion 
causing factor on rivers where erosion and deposition have been in long-term equilibrium 
could tip the long-term erosion-deposition balance towards net erosion. Furthermore, boat 
waves, by removing sediment from the base of the bank, may trigger and/or perpetuate other 
erosive mechanisms such as bank slumping.
BOAT WAVES
The typical wave pattern produced by a moving vessel is shown in Figure 1.2. Moving boats 
generate waves at the bow, stern and wherever an abrupt change in the vessel's hull 
geometry causes a pressure change in the flow field around the hull. This system of waves 
generally consists of two sets of diverging waves and one set of transverse waves. The
6
FIGURE 2 Typical wave pattern produced by a moving vessel 
(after Walker, 1988).
diverging waves move laterally away from the boat, while the transverse waves move in the 
same direction. The transverse and diverging waves meet on each side of the vessel along two 
sets of lines called the cusp lines, which form an angle of approximately 19° with the sailing 
line regardless of vessel size or speed when it is in deep water. However, in shallow water 
the angle increases with decreasing depth (Bhowmik and Demissie, 1982).
The diverging waves generated at the bow and the stern of the boat interact with each other 
and with the transverse waves to form a complex interference pattern. Where the waves are 
in phase (crests and troughs coincide), they reinforce each other resulting in relatively 
higher waves. Where they are out of phase, they tend to cancel each other resulting in 
relatively smaller waves (Bhowmik and Demissie, 1982). It is this complex pattern that 
makes up the wave train produced by a moving boat and, as Sorensen (1973) states, the 
pattern is a function of the geometric form, size, draft and speed of the vessel as well as the 
water depth.
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Johnson (1968) states that, in general, the maximum height of a wave train is a function of 
boat speed through the water, distance from the sailing line and water depth. Under certain 
conditions narrowing the channel may also increase maximum wave heights (Sorensen, 
1973). But, as Bhowmik and Demissie (1982) point out, the relationship between boat 
speed and wave height is not simple. This is because at certain boat speeds the bow and stern 
waves of a particular vessel will tend to cancel each other out, whereas at other speeds they 
will reinforce each other.
Where a channel is narrow and/or shallow enough for the displacement of the moving boat to 
cause a significant reduction in the flow area around the hull, higher flow velocities will 
result, which will increase pressures near the bow and stern resulting in higher waves than 
for the same vessel at the same speed in unrestricted waters (Sorensen, 1973). This 
increase in wave height is in addition to the normal increase in height when waves move into 
shallow water. When the ratio of channel cross-section to the cross-section of the 
submerged part of the hull is very low (<10), the transverse wave (caused by the drawdown 
of water as flow accelerates around the vessel's hull) will resemble a moving hydraulic 
jump propagating along the channel at the same speed as the boat (Oswalt and Strauser, 
1983). River currents further complicate the picture, particularly if their velocity 
varies. Boat waves propagating upstream into a current will be refracted towards the point 
of maximum current velocity, and in addition their height will be increased. Waves 
propagating with the current will be refracted towards the banks and will have their height 
reduced (Peregrine, 1976).
Wave heights decrease with distance from the boat's sailing line as the total energy per wave 
is progressively distributed over a greater area (Bhowmik and Demissie, 1982). Das and 
Johnson (1970) tested different boat models in a towing tank and produced diagrams showing 
the rate of decay of the peak energy density in a wave train with distance from the sailing 
line. For boats travelling at high speed in shallow water they found that the peak energy 
density is reduced by about 90% at a distance of 5 ship lengths from the sailing line. 
However, in deep water and at slower speeds the rate of reduction is much lower.
8
In addition to waves, large vessels in shallow confined channels will also generate currents 
which may scour the bed or the bank. These include; return currents around the moving 
vessel's hull, slope-supply flows (the surge generated along the bank by water flowing into 
the drawdown area beside the vessel) and the jet from the propeller (Oswalt and Strauser, 
1 983).
In summary, boats moving along rivers or other restricted channels produce waves and 
currents whose magnitude and form are a function of the vessel's hull design, its 
displacement compared to the channel cross-section, its speed and direction of travel 
relative to currents in the channel and its distance from the bank (Camfield et ai, 1980)
PREVIOUS STUDIES
The Lower Gordon is not the only river in Australia where recent increases in boat traffic 
are causing erosion. Jorgensen (1980) thought boat-generated waves contributed 
significantly to bank erosion along the Swan River in Western Australia. Similarly, on the 
Hawkesbury River near Sydney the wash from pleasure craft, particularly speedboats 
towing water skiers, has been found to be eroding the banks (Scholer 1974). However, 
Scholer considered the damage caused by boat-generated waves on the Hawkesbury 
insignificant when compared to the large floods which periodically destroy and reform large 
sections of river bank.
Most detailed studies of the effects of boat-generated waves on natural river banks have been 
carried out on the navigable rivers of the United States of America. These waterways are 
used by large barge tows as well as smaller recreational craft. Although the banks of these 
rivers are still largely in a natural state (without artificial protection), their flow regimes 
have been extensively modified by a system of dams and locks which are used to maintain a 
minimum water depth as an aid to navigation. The American studies tend to fall into two 
groups; those that investigated the waves produced by river vessels, and those that dealt with 
the extent and processes of bank erosion. Few studies examined both the magnitude of wave 
attack and the amount of bank erosion, and none established any relationship between them.
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Hagerty et al. (1981 and 1983) studied bank erosion along the Ohio River, a tributary of the 
Mississippi. The authors monitored bank erosion rates using pins embedded in the bank and 
came to the conclusion that most bank erosion occurred during floods, particularly when the 
banks had been thoroughly saturated prior to the flooding. They considered that the waves 
generated by barge tows and recreational vessels had little impact on bank stability along the 
Ohio River. However, the authors did admit that they could not differentiate between the 
effects of wind waves, boat waves and river currents at low flow stages. The studies do not 
include any assessment of the actual amount of erosion caused by waves, relative to other 
causes, nor do they include any measurement of the magnitude and frequency of wave attack. 
Hagerty et al. (1981) quote an earlier unpublished survey of the Ohio River which measured 
a maximum wave height from barge tows of 1m and a frequency of approximately 10 
passages per day. However, it is not made clear if this wave height was measured at the bank 
or close to the vessel sailing line. It is most likely to have been the latter, because there is a 
considerable discrepancy between this and the results of a survey of similar barge tows on 
the Illinois River by Bhowmik et al. (1982) which recorded a maximum wave height at the 
bank of only 33cm.
In contrast to the Ohio River, wind and boat generated waves were found to be a significant 
factor in the erosion of some bank types along the Illinois River, another tributary of the 
Mississippi (Bhowmik and Schicht 1980, Bhowmik and Demissie 1983). The studies on 
this river found that erosion of the banks was caused by a combination of flow characteristics 
and boat and wind wave action. On some bank sections, which were stable with respect to 
current tractive forces, waves were the main cause of erosion. The main erosion process 
was the gradual undercutting of the bank followed by collapse of the oversteepened section, 
the subsequent removal of the slumped material by wave action completed the cycle. No field 
measurements of wind or boat generated waves were made in these studies and, though the 
significant height of wind waves on the river was estimated from equations, no estimate of 
the relative significance of the two types of waves was made. However, a separate study by 
the authors (Bhowmik et al., 1982) examined the waves generated by barge tows and 
recreational vessels operating on the Mississippi and Illinois Rivers. They found that wave
1 0
heights at the bank were generally less than 30cm and the frequency of barge tows was about 
15 per day (higher than the Ohio River). They compared their results with existing 
equations for predicting wave heights from vessel characteristics and finding the 
correlations low, developed a new empirical relationship from their own data.
The discrepancy between the Ohio River study, with boat waves an insignificant factor in 
bank stability, and the nearby Illinois River where they were found to be significant, may be 
explained by a number of factors. Firstly, although the same type of vessels (barge tows and 
recreational vessels) use both rivers, the frequency of barge tow passages was higher on the 
Illinois River. Secondly, maps in the two studies indicate that the Illinois River is, on 
average, about half the width of the Ohio. The energy and height of boat waves decreases with 
distance from the sailing line, with the rate of decrease generally higher for smaller vessels 
( Das and Johnson 1970, Bhowmik 1975,). This means that for a given boat, the height and 
energy of the waves attacking the banks of the Ohio River will be lower than for the Illinois 
River. Thirdly, the greater width of the Ohio River indicates that flood discharges are larger 
than for the Illinois River and therefore it is very likely that the relative significance of 
boat-generated waves as a factor in bank erosion is much lower on the Ohio River. This is 
supported by Oswalt and Strauser (1983) who reviewed a number of separate studies and 
concluded that boat-generated waves are significantly more important as an erosion causing 
variable on small than on large rivers.
Limerinos and Smith (1975) studied two narrow navigation channels in the Sacramento - 
San Joaquin River Delta in California; one subject to winter flood flows, the other not. The 
authors estimated the total annual energy dissipated against the banks by wind waves, boat 
waves and channel currents. In the channel subject to flood flows, boat traffic accounted for 
20% of the total annual energy dissipation against the banks, twice as much as wind waves. 
In the channel which did not carry flood flows, boat waves accounted for up to 80% of total 
energy dissipation. The study concluded that erosion caused by boat waves was a significant 
factor along the waterways studied, particularly where there were no high velocity flows.
The effect of boat waves on bottom sediment movement has also been studied. Anderson 
(1974) measured the amount of fine sediment brought into suspension by boat-generated 
waves in a tidal estuary. A number of boats of different sizes and hull design were tested 
with the largest, a 10m trawler, causing considerable resuspension even at a speed of only 5 
knots.
Simons et al. (1982), studied the actual process of bank erosion by waves in a laboratory 
wave tank. They subjected an artificial composite bank (cohesive sediment with lenses of 
sand) to wave attack and found that the bank eroded to form a berm at mean water level. As 
the width of the berm increased the rate of erosion appeared to decrease, however no actual 
measurements of bank retreat or wave height were taken. This study indicated that banks 
subjected to wave attack may stabilize with time if there are no fluctuations in water level 
which allow waves to attack different parts of the bank profile, and if the protective berm is 
not eroded by current scour. Simons et al. (1982) also studied bank erosion on the 
Conecticut River in the United States and found that boat-generated waves were the third 
most important factor contributing to bank erosion after current scour and river level 
fluctuation.
A number of studies have assessed the relative contributions of boat-generated and wind­
generated waves on river bank stability (Hay 1968, Scholer 1974, Limerinos and Smith 
1975, Simons et al. 1982). They all concluded that, except on very large rivers, boat waves 
have a significantly greater impact than wind waves because, even though the duration of 
each attack is significantly less, boat-generated waves usually occur more frequently, have 
greater wave heights and therefore more energy than wind-generated waves.
Camfield et al. (1980), and Oswalt and Strauser (1983) consider the wave effects from 
small, high-speed boats with cruiser shaped hulls may be more significant than for larger 
slower vessels such as barge tows. This view is supported by the comparative wave tank 
tests carried out by Das and Johnson (1970) on model hulls of varying design and 
displacement. However, Das and Johnson (1970) also found that the rate of decrease in wave 
peak energy density with distance from the sailing line was much greater for small than for
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large vessels. This means that on wide rivers and lakes the waves from small vessels may 
only have a significant impact when they are operated close to shore, whereas for larger 
vessels distance from the river bank may not be a significant factor.
A number of general conclusions can be drawn from the studies discussed above, 
a ) Wave attack will only be a significant factor influencing bank erosion on rivers, or 
sections of rivers, not subjected to high velocity flood flows, 
b ) The smaller the river, the greater the potential effect of boat-generated waves relative 
to other causes of bank erosion.
c ) On rivers used regularly by boats, vessel-generated waves will generally have a 
significantly greater impact than wind-generated waves, 
d ) Small, high-speed boats in narrow channels or when moving close to the bank may 
produce more significant wave effects than larger, slower vessels.
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THE LOWER GORDON RIVER
2
INTRODUCTION
The Lower Gordon is the part of the river between Macquarie Harbour and the Gordon Power 
Station. However, this study will only consider the navigable section of the river below its 
junction with the Franklin River which is used by tourist boats (Figure 1.1, Plate 1). The 
Lower Gordon River is a World Heritage Area of great scenic beauty and is the major tourist 
attraction on the west coast of Tasmania. The only access to the river for tourists is by boat 
across Macquarie Harbour from the port of Strahan and the Gordon River cruise is now a 
very important part of the local economy.
This chapter is divided into two sections. The first will give a brief land-use history of the 
river showing how the present bank erosion problem evolved. The second part will be a 
description of the river and its physical environment.
LAND-USE HISTORY
PRE-EUROPEAN
There is no evidence or historical record of Aborigines inhabiting the dense, temperate 
rainforests that line the banks of the Lower Gordon. It is generally assumed that they 
preferred the open plains of the upper Gordon and Franklin Rivers and a narrow coastal strip 
which they maintained as heath or open grassland by regular burning (Flanagan, 1985). 
Thus it was not until after its discovery by Europeans that mankind had any impact on the 
Lower Gordon River.
DISCOVERY BY EUROPEANS
Captain James Kelly of Hobart discovered and named Macquarie Harbour and the mouths of 
the Gordon and King Rivers in the summer of 1815-16. Kelly was looking for an easily 
accessible source of Huon Pine (Lagarostrobos franklinii), at that time already prized as a 
prime ship building timber due to its fine grain, ease of working and high resistance to rot
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PLATE 1 Aerial view of the Lower Gordon River looking north from Ghost Creek
PLATE 2 The James Kelly II, one of the three tourist vessels currently operating on the 
Lower Gordon River.
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and attack by marine worms. Huon Pine grows only in Tasmania and its distribution is 
largely confined to the riverine valleys and harbour foreshores of the west coast. Kelly 
found the foreshores of Macquarie Harbour and the banks of the Lower Gordon River an 
excellent source of Huon Pine, and pine cutting became the predominant land use of the area 
for at least the next hundred years. Even after all the large trees on the banks of the Lower 
Gordon had been cut, the river continued to be used as the main access route to stands further 
upstream and on its tributaries (Pink, 1984).
Within five months of the discovery of Huon Pine in the area Dennis McCarthy and his crew 
had arrived in Macquarie Harbour as the first "piners". McCarthy explored the Gordon 
River as far as The Big Eddy (Figure 2.1) but further exploration of the area was 
discouraged during the period of the convict settlement at Sarah Island (1822 to 1833) as it 
was felt that maintaining the isolation of the area would discourage convicts from escaping. 
However Butler, one of the commandants of the settlement, did explore as far as the Sharks 
Mouth Rapids (about 13km upstream from the Franklin junction) and named many of the 
features along the river (Flanagan, 1985).
SARAH ISLAND PENAL SETTLEMENT (1822 to 1833)
In 1822 a convict settlement was established on Sarah Island in Macquarie Harbour not far 
from the mouth of the Gordon River. The settlement was expected to pay for itself by using 
convict labour in felling Huon Pine and shipbuilding. The convicts cut Huon Pine close to the 
banks of the river and man-handled the logs into the water from where they were towed by 
row-boat to the sawpits and shipyards on Sarah Island (Pink, 1984). During this time 
there must have been some clearing of vegetation on the river banks to allow pine logs to be 
rolled or skidded into the river, but it is unlikely that this was any more than superficial 
slashing and the thick root mat covering and protecting the banks was not damaged.
The convicts established lime burning kilns and a small quarry at the downstream end of 
Limekiln Reach (about 20km from the river mouth), but as there was ample good timber
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along the lower reaches of the Gordon and on the shores of Macquarie Harbour they seldom 
had cause to venture further up the river, except when attempting to escape! (Flanagan, 
1 985) .
THE MINING BOOM YEARS.
After the Sarah Island penal settlement was closed in 1833, pine cutting continued along the 
Lower Gordon, but on a much smaller scale. However, by the end of last century a mining 
boom developed, centred on the towns of Zeehan and Queenstown and their port of Strahan on 
Macquarie Harbour. This created a strong local demand for both Huon Pine and hardwoods, as 
well as timber export opportunities (Pink, 1984).
By this time most of the commercially valuable timber along the banks of the Lower Gordon 
had been cut, so the piners pushed on upstream to cut the trees growing on the upper reaches 
of the river and on its major tributaries. The logs were floated down the Gordon, collected in 
booms near the river mouth and towed by small steamers to the sawmills at Strahan and the 
short-lived settlement of Pillinger (Pink, 1984).
Some gangs however, continued to cut timber in the ranges on both sides of the Lower Gordon 
River valley, hauling the logs to loading ramps along the navigable section of the river. 
During this period there would have been limited clearing of vegetation, principally around 
piners camps and where logs were being rolled into the river. A small farm was established 
at Goulds Landing for a few years (Flanagan, 1985), but apart from this there was no 
prolonged settlement and any clearing of the river banks would have been temporary and 
localized. River traffic at this time consisted of the small, flat bottomed punts used by the 
piners and occasional trips by small steamers to pick up logs along the river.
TOURISM
After the Second World War the strong demand for Huon Pine declined, prices were low and 
good stands of timber were becoming less and less accessible (Flanagan, 1985). As pining 
declined, tourism slowly replaced it as the major industry of the area. This was encouraged
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when the Lower Gordon River, from its mouth to the Franklin, was declared a scenic reserve 
in 1939 and cutting of trees along the river banks prohibited (Pink, 1984).
Tourist cruises have operated along the Lower Gordon River since the early 1900's. Though 
infrequent at first, the Gordon River cruise gradually became an increasingly important part 
of the areas economy as both mining and timber cutting declined. It received a major boost 
when the road link between Strahan and Queenstown was completed in the 1960's (Pink, 
1984). As tourism grew so did the frequency of tourist trips and the size of the boats used.
The first boat to be used exclusively for regular cruises of the Gordon River was the J Lee M, 
launched in 1954. It had a cruising speed of 10 knots, carried about 50 passengers and made 
one trip per day for 5 to 6 months of the year. The J Lee M was replaced by the Denison Star 
in 1969, a boat more than twice the size but with a cruising speed of only 12 knots. A second 
cruise company started operating in the mid 70's and intense competition between the two 
operators saw an increase in the number, size, speed and distance travelled upstream by 
cruise boats, as well as the frequency of trips (Table 2.1).
There was a particularly intensive period of river use during the construction of a camp site 
and access road in preparation for the building of the Gordon below Franklin Dam, and the 
accompanying dam-site blockade by conservationists. During the summer of 1982-83 the 
river saw its heaviest traffic ever, with up to 60 boat passages per day (Cook, 1985), 
consisting of Hydro-Electric Commission boats and barges, police boats, media boats, tourist 
launches and sundry other craft. This continued until the dam project was stopped by the 
Australian Federal Government in April 1983. Though most of these craft were small 
(<8m), the combined action of their wash would have had a considerable effect on the river 
banks.
The large amount of media coverage the river received during the dam controversy produced 
an upsurge in tourism. This prompted the two tour operators to invest in new, bigger and 
faster boats, and to increase the frequency of cruises during peak tourist season. By the mid 
80's there were three modern, high speed (25 knots +) launches (Plate 2) running up the
CRUISE LAUNCHES OPERATING ON THE GORDON RIVER UP TO 1987
B O A T  N A M E PERIO D O F 
O P E R A T IO N
B O A T  D IM E N S IO N S  
LE N G TH  B E A M  D R A F T *
D IS P LA C E M E N T
(a D D ro x im a te l
C R UIS IN G
S P E E D
PASS EN G ER
C A P A C IT Y
T U R N IN G  P O IN T  
O N  R IV E R
TR IP  FR E Q U E N C Y  
fa D D r o x im a te l
J Lee  M 1 9 5 5  to  1 9 6 9 2 0 . m 4 .3 m 1 .5 m 7 0  to n n e s 10 k n o ts 5 2 N o t kn o w n 1 t r ip  p e r  d a y  
5  to  6  m o n th s  p e r  y e a r
D e n is o n  S ta r 1 9 6 9  to  1 9 8 4 3 2 .6 m 6 .3 m 2 .1  m 180  to n n e s 12 k n o ts 2 0 2 B u tle r  Is la n d 1 tr ip  p e r  d a y  
6  to  8  m o n th s  p e r  y e a r
M a tth e w  B ra d y 1 9 7 7  to  1 9 7 9 2 1 .3 m 6 .2 m 1 ,8 m 110  to n n e s 10 k n o ts 1 7 0 B u tle r  Is la n d 1 tr ip  p e r  d a y  
6  to  8  m o n th s  p e r  y e a r
J a m e s  K e lly  1 
(c a ta m a ra n )
1 9 7 9  to  1 9 8 3 1 8 .3 m 7 .7 m 1 .7 m 5 0  to n n e s 2 5  k n o ts 1 2 0 N o t kn o w n 2  tr ip s  p e r  d a y  J a n . to  M a r. 
no  t r ip s  J u n e  to  A u g u s t 
1 t r ip  p e r  d a y  re s t o f y e a r
B il ly  J 
( c a ta m a ra n )
1 9 8 3  to  1 9 8 4 2 0 m 7 .5 m 1 ,3 m 5 0  to n n e s 18 k n o ts 1 3 3 M o o re 's  M is ta k e  
( ju s t u p s tre a m  o f 
H o rs e s h o e  b e n d )
A s  a b o v e
J a m e s  K e lly  2 1 9 8 3  to  - 2 7 .5 m 6 .4 m 0 .8 m 60  to n n e s 28  k n o ts 2 0 0 S ir  J o h n  F a lls A s  a b o v e
G o rd o n  E x p lo re r 1 9 8 4  to  - 3 2 .3 m 6 .5 m 0 .8 m 65  to n n e s 26  k n o ts 2 5 0 S ir  J o h n  F a lls A s  a b o v e
W ild e rn e s s
S e e k e r
1 9 8 6  to  - 2 0 m 6 .2 m 0 .7 m 3 5  to n n e s 2 6  k n o ts 1 0 0 F ra n k lin  R iv e r  
ju n c t io n
A s  a b o v e
* D ra ft m e a s u re m e n t d o e s  n o t in c lu d e  h u ll a p p e n d a g e s
TABLE 2.1 Specifications and trip schedules of tourist boats that have operated on the Lower Gordon River 
from information supplied by the Marine Board of Hobart and Mr. R. Morrison.
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river as far as Sir John Falls, with the smallest of the three continuing on to the Franklin 
River Junction. Each of these boats ran twice daily during the summer tourist season 
(December to March) and once a day during the rest of the year, except for the three months 
of winter when tours stopped.
BANK EROSION
Kearsley (1978), in a study of saline water intrusion into the Gordon River estuary made in
the mid 70's, describes the river banks as follows:
"Along the river banks occasional tree roots are washed out from time to time by 
floods, and by the wash from river traffic; a few trees lean precariously out from 
the bank or have collapsed into the river."
An examination of large scale aerial photographs taken in March 1983 (during the damsite 
blockade) shows little tree collapse along the river, except on the bend opposite Marble 
Cliffs. The air photos, along with Kearsley's description and photographs in his report, 
indicate that, although trees have always fallen into the river for various reasons, there has 
been a recent rapid increase in the rate of tree collapse. In the worst affected areas the 
banks could now best be described as being lined with a dense tangle of fallen vegetation 
(Plate 3). This indicates that a period of rapid bank erosion commenced immediately after 
the time of the dam blockade and coincided with the introduction of frequent trips by large 
tourist launches travelling at high speeds.
THE LOWER GORDON RIVER AND ITS ENVIRONMENT 
CLIMATE
Tasmania is an island located between lat. 41° and 43° S. at the edge of the wind belt known as 
the "Roaring Forties". This predominantly westerly wind regime gives it a temperate 
maritime climate relatively free of extremes of heat and cold. The consistent moist, 
westerly airstream together with the orographic effect of the north-south trending coastal 
ranges produces high rainfalls in the Gordon River catchment (Figure 2.2). Mean annual 
point rainfalls of up to 4300mm have been recorded on the higher ridges near the coast 
(Watson, 1978a). However, rainfall decreases both inland and towards the coast. It is
PLATE 3 Fallen trees and bushes on eroded levee banks opposite Marble Cliffs.




highest in winter and storms of long duration (up to 5 days) are common, though the rainfall 
intensity is generally low. The heaviest rainfall recorded on the west coast was 230mm in 
48hrs in May 1975 (greater than the 100 year event). This produced the highest measured 
flood on the King River (highly correlated with the Gordon) since recording began in 1924 
(Watson, 1978a; b). Rainfall on the west coast of Tasmania has the lowest variability in 
Australia, with February the most variable and August the least variable month (Watson, 
1978b).
GEOMORPHOLOGY AND GEOLOGY
The regional landscape of southwest Tasmania is thought to have evolved from a Tertiary or 
pre-Tertiary land surface approximately 350m above present sea level with an east to west 
drainage pattern. A major but gradual sea-level regression took place, probably in the late 
Tertiary, which led to a period of active downcutting by all the major rivers including the 
Gordon-Franklin-Denison system (Roberts and Naqvi, 1978).
This period of downcutting and erosion largely removed the post-Carboniferous cover to 
reveal the underlying fold structure of the pre-Carboniferous period. As a result the 
present landscape is characterized by a series of steep ridge-like mountain ranges running 
roughly parallel in a north-south direction. They rise to heights over 1500m and are 
separated by broad valleys. A distinct trellis drainage system has developed in which small, 
subsequent, structurally controlled streams are tributary to a few major superimposed 
streams, such as the Gordon, which have cut narrow, steep-sided gorges through the major 
fold structures (Watson, 1978a).
The section of the Lower Gordon River covered in this study comprises the tidal section of the 
river(a 38km stretch from Macquarie Harbour to The Big Eddy) and a further 2km non­
tidal section from The Big Eddy to the junction with the Franklin River.
From its junction with the Franklin River the Gordon flows northwest and then north for 
23km through Ordovician beds of sandstone, siltstone and limestone until it reaches Eagle 
Creek, 18km from its mouth. Here it turns west and for the next 11km flows through an
area of lower Devonian-Silurian siltstones, shales and sandstones. About 7km from its 
mouth the river passes through a region of Tertiary fluvial sediments occupying the 
Macquarie Harbour Graben (Kearsley, 1978).
Over most of its length the Lower Gordon occupies a valley drowned by the last post-glacial 
sea level rise and subsequently partly infilled with sediments. Low lying river flats are 
localized and of limited extent so, for most of its length and for quite high discharges, the 
Lower Gordon River is restricted to a well defined channel. The river has an average depth of 
15m with occasional holes down to 30m. Its width varies from about 500m near the mouth 
to about 50m at its junction with the Franklin River (Figure 2.3).
HYDROLOGY
The Gordon River system has an estimated mean annual total discharge of 9350 X 106m3 
from a basin area of 5207km3. Within Australia this total discharge is only exceeded by the 
Mitchell River in Queensland and the combined Murray-Darling system, both with much 
larger catchment areas (A.W.R.C., 1976).
The hydrology of the Gordon River has been significantly modified by a number of diversions 
and the construction of large dams for hydro-electric power generation. In 1968 the Mt. 
Arrowsmith and Mt. Rufus diversions transferred water from 9.9km2 of the Franklin River 
catchment into Lake King William. In 1972 the upper reaches of the Huon River were 
diverted into the Gordon via a dammed and enlarged Lake Pedder and a canal cut through the 
watershed at McPartlan's Pass. This has added 261km2 to the catchment area and increased 
the mean annual flow from 263.3 cumecs to 276.4 cumecs (Christian and Sharp-Paul,
1 979).
Damming of the river commenced with the closure of the Serpentine Dam in December 1971 
and the Gordon Dam in April 1974 to create Lakes Pedder and Gordon respectively. These two 
storages were then joined by a canal cut through McPartlan's pass and have placed 509km2 
of the original basin area under water. There was no release of water from either storage 
until November 1977 when the first turbine at the Gordon Power Station was started up for




commissioning tests. By August 1978 two turbines were operational, each with a discharge 
of about 85 cumecs at full load (Kearsley, 1978). A third turbine was installed in 1989.
The interconnected Lakes Gordon and Pedder have sufficient storage capacity to completely 
regulate the river system upstream and only in very rare instances is spill from the two 
storages expected (Watson, 1978a). As a result, inflow to the Lower Gordon River will 
comprise discharge from the Gordon Power Station and uncontrolled pick-up from 
tributaries downstream of the power station, chiefly the Franklin and Denison Rivers.
Prior to the damming and regulation of the upper part of the catchment, streamflow was 
highest between May and September and lowest from December to March. However, 
operation of the Gordon Power Station as a base load generator has greatly reduced the 
seasonal variations in flow (Christian and Sharp-Paul, 1979). Major flooding occurs 
mainly from April to November, but even before the damming of the upper catchment of the 
Gordon River, flood peaks were generally lower than would be expected from a catchment of 
its size and total yield (Christian and Sharp-Paul, 1979). A number of factors account for 
this:
a ) As mentioned already, rainfall intensities in the catchment area are generally much 
lower than elsewhere in Australia.
b ) The catchment is well vegetated and large areas, including steep valley sides, are 
covered with a fibrous, water absorbing peat 20cm to 50cm thick (Tarvydas, 1978). 
c ) There is significant storage of storm run-off in broad flat alluvial or glacial valleys, 
particularly in the upper part of the catchment.
However, it is interesting to note that the highest recorded discharge on the Gordon River 
below its junction with the Franklin (estimated at 3,300 cumecs) occurred on the 18th May 
1975, a period in which there was no discharge from the Gordon or Serpentine dams 
(Watson, 1978a).
Despite a high annual run-off rate of 65%, the dense vegetation and peat soils covering much 
of the catchment produce very low erosion rates and consequently low stream sediment loads 
(Christian and Sharp-Paul, 1979). The mean annual estimate given by Christian and
Sharp-Paul is 3mg/l, but it is not clear if this refers to dissolved load, suspended load or 
both.
The estuarine section of the Gordon River experiences a number of water level fluctuations 
unrelated to river discharge. The hydrograph trace from a Hydro-Electric Commission gauge 
at Jones (Goulds) Landing (35km from Macquarie Harbour) shows three independent 
fluctuations, generally superimposed on each other. The strong prevailing westerly and 
northwesterly winds frequently cause a seiche to develop in Macquarie Harbour. At Jones 
Landing this oscillation has an amplitude up to 20cm and a period of 1 to 2 hours. This is 
superimposed on a daily tidal fluctuation averaging 18cm but occasionally up to 30cm, which 
in turn is superimposed on an irregular water level fluctuation of up to 80cm induced by the 
successive passage of high and low pressure systems over the area. However all these 
fluctuations disappear at Jones Landing when river discharge exceeds about 800 cumecs.
Kearsley (1978) estimated that, at the average flow of 276 cumecs at Jones Landing, mean 
current velocities were 0.3m/s just below The Big Eddy and 0.1 m/s at the river mouth.
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BANK TYPES AND SEVERITY OF EROSION
INTRODUCTION
When this study began in February 1987 recent erosion of the banks of the Lower Gordon 
River was clearly evident from the tangle of freshly fallen bankside vegetation lining the 
river banks in many places (Plate 3) and was drawing unfavorable comments from tourists 
and other visitors to the area. Staff from the Tasmanian National Parks and Wildlife Service 
(now Department of Parks, Wildlife and Heritage) surveyed the extent of the erosion in 
1985, but did not identify the bank types affected or variations in the severity of the 
erosion. Boat speed limits (Table 3.1) were in force on sections of the river prior to this 
study, but they had been imposed as an interim measure, only where bank erosion appeared 
to be severe.
The first task of this study was a detailed investigation of the processes, extent and severity 
of erosion occurring on different bank types along the river. This chapter describes the 
different bank types found along the section of the Lower Gordon downstream of the Franklin 
River and the relative severity of erosion damage to each bank type.
SPEED LIMIT CHRONOLOGY
DATE SPEED LIMIT RIVER REACHES COVERED
March 1985 6 knots Pine Landing to upstream end of Horseshoe Bend 
and upstream of Butler Island to the Franklin.
June 1985 9 knots (limit increased for boat steerage and safety reasons.)
February 1987 9 knots Horseshoe Bend and upstream of Limekiln Reach.
June 1987 9 knots Upstream of Mannigans Inlet: Only the 
Wilderness Seeker permitted between Limekiln 
Reach and Sir John Falls. Wilderness Seeker 
restricted to one trip per day to Sir John Falls.
NOTE; restrictions only apply to boats greater than 8m in length.
TABLE 3.1 Chronology of restrictions imposed on boats on the Lower Gordon River.
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SURVEY TECHNIQUES
Bank surveys were carried out in 1987 during the month of February when river levels are 
at their lowest and bank sediment types and the effects of erosion easy to observe. All 
mapping was done from a 5m power boat moving slowly alongshore as it was not feasible to 
walk the distance surveyed due to dense vegetation and rugged terrain. This technique worked 
very well as bank types were quite distinctive and the effects of bank erosion more readily 
apparent from the water than from the land. Where bank type could not be determined from 
the boat, an on-shore inspection was carried out.
BANK TYPE
Bank material was grouped into 7 categories on the basis of probable varied response to wave 
attack. The main types were as follows:
a) bedrock,
b) gravel beaches,
c) large colluvium; large boulders with no matrix,
d) small colluvium; small rock fragments in a clay matrix,
e) coarse sandy levee banks overlying finer sandy loam,
f) coarse sandy levee banks overlying river gravels,
g) low banks of fine sand and silt.
To further investigate the stratigraphy of the alluvial banks, 4 transects were surveyed with 
a dumpy level and staff, two across the levees and two across the low fine-grained alluvial 
banks. These transects ran across the river and included cross-sections of both banks. At 
each transect a channel cross-section was also taken by sounding 10m from each bank and a 
quarter, half and three quarters of the distance across the channel. These distances were 
estimated visually, but channel width was accurately measured with a dumpy level and staff. 
The bank sediments were augered at intervals along each survey line.
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EROSION SEVERITY
Three visible effects of bank erosion; root exposure, undercutting and collapse (see below), 
were surveyed for each section of each bank type along the river and used to derive an 
erosion severity index. Each of the three erosion effects was estimated for each bank type 
according to the percentage of bank length affected. These estimates were made after a 
number of slow passes along each section of different bank type in a small boat at low river 
level. Two operators each made an independent assessment for each bank section and the two 
results were then averaged. Although there was rarely more than a 10% difference in the 
two independent estimates, this method of assessing erosion damage is not suitable for 
monitoring bank erosion over time. However, it proved satisfactory for a rapid assessment 
of variations in the severity of bank erosion along the approximately 80km of river bank 
surveyed.
The erosion effects used for the assessment are defined below and represent a three stage 
sequence of increasing severity which should reflect the duration and/or magnitude of wave 
attack and, to some extent, the resistance of bank material.
a) ROOT EXPOSURE (Plate 4): The initial stage of wave attack when living plant roots 
are exposed by the removal of surrounding soil, either by direct wave action or by the 
collapse of underlying material.
b) UNDERCUTTING: Continued wave attack forms a distinct notch in the bank at the 
point of maximum wave attack or minimum bank resistance. Areas of fresh bank 
collapse where no undercutting was evident and sliding bank failures less than 3m high 
on colluvial slopes were also included in this category as it was assumed that 
undercutting had preceded collapse.
c) COLLAPSE AND TREE-FALL (Plate 3): As undercutting proceeds trees and bushes 
growing on the bank lose their support and topple into the river. Only trees and bushes 
lying horizontally in the river in obviously non-growing positions were included. 
Tree-fall was further divided into firstly, the percentage that appeared recent, with 
leaves or small twigs still present (and therefore assumed to have fallen due to bank 
erosion in the last 3 to 5 years) and secondly, the percentage that appeared old, with no
small twigs (and therefore assumed to have fallen due to other causes, such as strong 
winds or disease, before significant bank erosion occurred). This "natural" tree-fall 
accounted for between 10% and 20% of the total tree-fall along all rainforest covered 
banks. Recent tree-fall was much more variable, but, with the exception of banks with 
outcropping bedrock, always greatly exceeded the amount of old tree-fall. Except in 
areas of very low banks, recent tree-fall was always accompanied by bank collapse, 
and only along an approximately 50m section of cleared bank at the Sir John Falls hut 
was bank collapse not accompanied by the toppling of trees.
As these three categories (a, b, and c) represent a sequence of erosion it was always assumed 
that root exposure precedes undercutting which precedes tree-fall.
On the basis of these three parameters, each section of each bank type was then given an 
erosion severity index number on a 0 to 5 scale, defined as follows:
0 No root exposure, undercutting or recent tree-fall.
1 Slight; root exposure and undercutting but no recent tree-fall.
2 Moderate; root exposure and undercutting; less than 25% of bank length affected by 
recent tree-fall.
3 Severe; undercutting greater than 65% and/or recent tree-fall 25% to 50%.
4 Very severe; recent tree-fall 50% to 80%.
5 Extreme; recent tree-fall greater than 80%.
This erosion severity index was devised as a quick method of determining the relative 
severity of erosion on different bank types before actual rates of erosion could be measured. 
Although this index is essentially a measure of visual degradation rather than the rate of 
erosion, subsequent measurements showed that it did give a good general indication of 
variations in actual erosion rates. However, as this method is subjective and index 
categories fairly broad, it is not reproducible or accurate enough to be used for regular 
monitoring of variations in bank erosion rates.
The distribution of the different bank types and the erosion severity assessment for each 
were recorded in the field on 1:5000 scale maps. From these, three strip maps at a scale of
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1.10,000 were prepared showing different bank types along the river, the degree of root 
exposure, undercutting and tree-fall for each section of each bank type and its erosion 
severity index. These map sheets (GR 1, 2 and 3) accompany this presentation. A less 
detailed summary map at a smaller scale (approximately 1:50,000) is shown as Figure 3.1.
DESCRIPTION OF BANK TYPES 
a ) BEDROCK (Plate 5)
Outcrops of bedrock forming cliffs or very steep slopes are scattered along the river 
upstream from Mannigans Inlet. There are two distinct types:
i ) Limestone: This occurs as steep cliffs between Butler Island and Eagle Creek. These 
cliffs are characterized by a prominent notch at low water level formed by the solution 
of the limestone by river water.
i i ) Sandstones and shales: These outcrop at various places along the Lower Gordon 
upstream of Mannigans Inlet and generally form less steep slopes than the limestones. 
The surface is often highly fractured and weathered, grading into colluvium. Except 
where these slopes are sheer they are well vegetated, the fractured and weathered rock 
even supporting trees.
These outcrops have not been affected by wave attack except for superficial exposure of plant 
roots where, on less steep outcrops, a thin mantle of soil covers the bedrock close to river 
level.
b) GRAVEL BEACHES (Plate 6)
These consist of small, narrow gravel and cobble beaches and are only found downstream of 
Mannigans Inlet where the river flows through an area of indurated Tertiary alluvials. They 
have not been adversely affected by boat wake attack and, in fact, appear to have been formed 
over a long period of time by waves moving up-river from the harbour or waves generated 
by strong winds on the wider, lower reaches of the river. These beaches consist of much 
coarser material than the occasional deposits of sand and gravel found on the low, fine­





PLATE 5 Limestone outcrop.
PLATE 6 Gravel and cobble beach along Sea Reach
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lag deposit where sand and gravel lenses within the banks have been recently eroded by boat 
wave action.
c ) LARGE COLLUVIUM (Figure 3.2, Plate 7)
This only occurs in the vicinity of Franklin Rock and The Big Eddy and is covered in low 
Leptospermum scrub backed by rainforest. The bank material consists of a two to three 
metre high band of large sandstone rocks and boulders with no visible fine matrix. The 
general slope of these banks (10° to 25°) is less than the surrounding finer colluvium and 
there is no evidence that they are eroding.
d )  SMALL COLLUVIUM (Plate 8)
This bank type predominates upstream of Sir John Falls, along Limekiln Reach and upstream 
and downstream of Horseshoe Bend. It consists of angular gravels and rock fragments up to 
0.5m in diameter set in a clayey matrix and forms steep (25° to 45°) slopes with occasional 
outcrops of weathered bedrock. All slopes are covered with dense temperate rainforest and 
the lower parts have been badly eroded.
e) and f) LEVEES (Plates 3, 9 and 10)
This is the predominant bank type between Sir John Falls and Lake Fiddler, but does not 
occur downstream of the lake. The levees are between 1 to 4 metres above low water level at 
their crests and were originally 15 to 30 metres wide. They slope gradually away from the 
river to a backswamp area often only slightly above low water level. Although the form and 
composition of the levees are fairly uniform, they vary in their response to wave attack 
according to their two distinct types of basal sediment; alluvial gravels (e) or sandy loam 
(f). Where the basal layer consists of alluvial gravels (size range 1cm to 30cm 
diameter)(Plate 10), it protects the overlying levee from wave attack at low water level and 
therefore these banks have not been as severely eroded as those with a basal layer of 
compacted and relatively impermeable sandy loam. However, the latter is the predominant 
levgg type and has been so severely eroded that no undamaged section could be found anywhere 
along the river. For this reason it was examined in some detail. Two representative sites 
were chosen, transects surveyed across the river, and the sediments augered at regular
R A I N F O R E S T
FIGURE 3.2 C r o s s - s e c t io n  o f  " la r g e "  c o l lu v ia l  s lo p e .
PLATE 7 B a n k  o f  la r g e  c o l lu v iu m  d o w n s t r e a m  o f  T h e  B ig  E d d y .
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PLATE 8 Recent bank collapse at the base of a slope of small colluvium.
PLATE 9 Profile of the levee bank 
at Wallaby Eddy showing dark sandy 
loam basal layer overlain by light 
grey and mottled levee sediments.
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intervals to produce a bank cross-section. There was little variation between the profiles 
and a representative cross-section is shown in Figure 3.3.
The basal layer consists of a dark grey sandy loam, more compacted and less permeable than 
the overlying sands and with a characteristic sulphurous smell when wet. It is continuous 
with the backswamp deposits behind the levees and its top is generally between 0 and 0.5 
metres above low water level at the bank face. At one survey site this material was augered 
to a depth of over 6m, revealing an essentially uniform layer about 5m thick. Under this 
was a thin layer (20cm to 30cm) of loamy sand over a fibrous peat (Figure 3.3). There is a 
sharp boundary between this layer and the overlying levee deposits even though there is 
little change in the grain size distribution of the sediments (Appendix 1). The main 
difference is that the basal layer has a higher organic matter content and is obviously more 
compacted and less permeable than the levee sediments. The boundary is also characterized 
by a prominent accumulation of organic debris, particularly old Huon Pine (Lagarostrobos 
franklinii) logs and roots.
The lowest level of the levee itself usually consists of a light grey sand up to a metre thick. 
This is a zone of active seepage, with water from the backswamp area moving through the 
levee into the river over the more compacted, less permeable basal layer. The grey sand 
grades into the main bulk of the levee which consists of 1 to 3 metres of yellow-brown 
mottled clayey sand with considerable humic/iron staining and some patches of coffee rock. 
On top of this is a brown organic sand up to 1m thick containing a very dense root mat. 
Occasionally there is an irregular layer of bleached sand up to 0.5m thick under the root 
mat. On the surface is a layer of leaf litter and moss under a dense canopy of temperate 
rainforest dominated by Myrtle (Nothofagus cunninghamii). There is very little root 
penetration below the root mat and the bulk of the levee is almost devoid of organic matter. 
The levees are massive with no visible bedding. The layers in the levee banks described 
above do not appear to be separate depositional sequences, but were probably formed through 
differential leaching caused by fluctuating groundwater levels within the bank.
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FIGURE 3.3 Stratigraphic cross-section of the northern bank of the Gordon River at Wallaby Eddy.




Photos taken before serious bank erosion began (Kearsley, 1978) and examination of a few 
sections of less severely eroded bank, indicate that the levees originally sloped steeply into 
the river and were covered with a dense growth of shrubs, ferns and moss. The dense root 
mat on the bank surface presumably extended down to, or below, low water level.
g) FINE-GRAINED ALLUVIUM (Figure 3.4, Plate 11)
This bank type predominates from the downstream end of Limekiln Reach to the river mouth 
and has been eroded by wave action. As it is less than 1m above low water level and rises 
slowly away from the river, it is frequently inundated. Its characteristic vegetation is a 
dense scrub up to 8m high dominated by Leptospermum scoparium, L. lanigerum, L. 
riparium, Melaleuca squarrosa and M. ericifolia. The ground surface is covered by a thick 
growth of moss under which is a dense though vertically thin (10cm to 20cm) root mat. 
These areas are backed by temperate rainforest except close to the mouth of the river where 
eucalyptus forest predominates. Where the scrub does not extend right to the waters edge the 
bank is covered by grass (mainly Carex sp. ). Off-shore slopes are not as steep as with 
other bank types and where the river is less than 1m deep at low water level there is a band 
of sedge (Baumea rubiginosa ) growing close to the bank and a band of Trig loch in procera (a 
water plant with long, flat, fleshy leaves) growing in slightly deeper water further off­
shore.
The bank sediments (Figure 3.4) are predominantly silt and fine sand with large amounts of 
partly decomposed organic debris, including buried logs. Distinct lenses of sand and gravel 
were found at some sites, but do not occur at any particular depth. Where these lenses have 
been eroded by waves, small narrow beaches have formed.
EROSION SEVERITY OF DIFFERENT BANK TYPES.
Table 3.2 compares the erosion severity of the different bank types along the river and 
shows that the levee banks are the most severely eroded. Although the severity of erosion 
along colluvial and low, fine-grained alluvial banks is nearly the same, the damage to
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PLATE 10 Levee bank with alluvial gravel basal layer.
PLATE 11 Low fine-grained alluvial bank at Tuan Gabby Flats.
low  w a te r  leve l
Very dark brown silt loam with an earthy fabric:
Very high organic content including decaying plant matter, 
buried logs and roots. Organic content range is 12.8% to 
50.4%. Sediment becomes finer with depth and has a 
distinctive sulphurous smell.
Lense of fine gravel.
__£  Depth of water table
S3AA1 Sample reference number and location in profile. 
See appendix ( 1 ) for grain size analysis.
FIGURE 3.4 Statigraphic cross-section of the eastern bank of the Gordon River upstream from
Horseshoe Bend. ( Map reference: E386 000 N5300 500 ) rv>
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colluvial slopes is far more noticeable due to its greater vertical extent. Along colluvial 
slopes large trees and their surrounding root mats have fallen into the river leaving a scar of 
exposed regolith several metres in height. Less commonly small landslips have been 
triggered leaving larger scars on the steep slopes. In contrast, damage to low alluvial banks 
is not easily seen from the river, except at very low river levels. Erosion of bedrock slopes 
was limited to root exposure where a thin veneer of soil on some less steep slopes had been 
exposed to wave action at high river levels.
Erosion severity often varied along sections of a particular bank type. In general it was 
found that erosion was most severe on the inside (convex) bank at the apex of bends and least 
severe on the opposite (concave) bank.
EROSION SEVERITY OF DIFFERENT BANK TYPES.
BANK TYPE----------------- ------------------------------------------- MEAN EROSION SEVERITY
Levee banks with a sandy loam basal layer 4.2
Levee banks with a gravel basal layer 3.3
Small colluvium 2.4




TABLE 3.2 Comparison of erosion severity of different bank types based on the mean of 
the erosion severity index of each section of different bank type as shown 
on map sheets GR 1,2 and 3.
CONCLUSION
A wide range of different bank types have been subjected to boat-generated wave attack along 
the Lower Gordon River. They range from steep bedrock cliffs to low swampy banks of silty 
alluvium. The relative severity of visual degradation due to erosion could be gauged by
44
estimating the percentage of bank length along each section of each bank type affected by the 
exposure of fresh plant roots, undercutting of the base of the bank, and collapse of sections of 
bank and its supported trees. Four out of the seven bank types found along the Lower Gordon 
have been severely eroded. These were (in order of decreasing severity); the two types of 
levees, the small-textured colluvium and the low, fine-grained alluvium. Together these 
bank types make up approximately 80% of the total bank length of the Lower Gordon River 
downstream of the Franklin River.
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©uM P T E IhI 4
CAUSES AND PROCESSES OF BANK EROSION
INTRODUCTION
The first part of this chapter discusses the evidence which identifies boat-generated waves as 
the primary cause of bank erosion on the Lower Gordon River. It includes evidence of long­
term channel stability prior to the introduction of large, high speed tourist launches and an 
assessment of the relative significance of other erosion causing factors relative to boat­
generated waves. The second part examines in detail the processes and effects of wave erosion 
on the different bank types described in Chapter 3.
LONG-TERM CHANNEL STABILITY
There is evidence that the channel of the Lower Gordon River within the study area has been 
laterally stable for at least the last two thousand years, with the banks slowly accreting 
sediment during this time. A Huon Pine (Lagarostrobos franklinii) log and adjacent organic 
debris (leaves and twigs), imbedded in the bank at the base of the levee at the Sir John Falls 
hut and recently exposed by bank erosion was radiocarbon dated at 2360 +/- 70 BP (ANU 
5788) and 2440 +/- 100 BP (ANU 5789) for the log and debris respectively (Plate 12). 
The overlapping dates indicate that the log was not reworked from older deposits upstream. 
The log and organic debris were lying on the top of the dark grey sandy loam sediments that 
form the base of most of the levees. Buried logs, dead tree roots and other organic material 
have been exposed at the base of most of the eroded levee banks along the river. This organic 
material appears to be either the remains of the original bankside vegetation on top of which 
the levee was deposited, or was itself deposited by floods prior to the period of levee building. 
As a consequence, these radiocarbon dates indicate the maximum age of the levee banks and 
show that the channel of the Lower Gordon River has probably been laterally stable for at 
least the last 2,000 years.
There is evidence that, during moderate floods, the river is still transporting suspended 
sediment of a size similar to that in the levee banks. In January 1987 a flood deposited a
PLATE 12 H u o n  P in e  lo g  a t th e  
b a s e  o f a n  e ro d e d  le v e e  b a n k  n e a r  
S ir  J o h n  F a lls ,  r a d io c a rb o n  d a te d  
a t 2 3 6 0  + / -  7 0  y e a r s  B .P .
PLATE 13 W a v e  g e n e ra te d  b y  th e  
G o rd o n  E x p lo r e r  t r a v e l l in g  c lo s e  to  
th e  b a n k  a t n e a r  to p  s p e e d .
thin veneer of sediment on the deck of the Sir John Falls jetty which is about 2m above low 
water level. The material was mainly fine and medium sand (0.063mm to 0.5mm diameter) 
but did include some material up to 2.0 mm diameter. This indicates that any flood which 
overtopped the levees would continue the process of levee building. However, because of the 
present height of the levees (1m to 4m above low water level), such floods are rare and 
there was no evidence of recent sediment deposition on the levees, such as progressive 
burying of tree trunks.
There was evidence of recent bank accretion on the frequently inundated low, fine-grained 
alluvial banks closer to the river mouth. Around the ruins of an old hut about 10m from the 
river bank at Timms Eddy (2.5km from the mouth) were some discarded beer bottles of a 
type not in use today. These had been almost completely covered with river borne sediment 
and intertwined with tree roots. Further upstream at Horseshoe Bend, sediment deposition 
was observed on the upper gently-sloping part of the bank not subjected to frequent wave 
attack. Between February and November 1988 a flood deposited 2cm to 3cm of silt and fine 
sand on the thick layer of moss covering the top of the bank in this area. This sediment was 
still in place 6 months later and was being stabilized by regrowth of moss.
A further indication of general bank stability prior to the introduction of high speed tourist 
launches in the 1980's is the size (1m+ diameter) and maturity of many of the bankside 
rainforest trees that have recently collapsed into the river due to bank undercutting.
An examination of colour air photos (scale 1:10,000) taken in March 1983 by the 
Tasmanian Lands Department shows some tree-fall on levee bank sections of the river. 
However, except on the bank opposite Marble Cliffs this did not make up more than 20% of 
linear river bank length, approximately the estimated long-term tree-fall from natural 
causes along stable banks. But when these banks were surveyed in February 1987 the tree- 
fall rate was generally greater than 50% and up to 100% on some sections of bank.
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CAUSES OF RECENT BANK E R O SIO N
Rapid erosion of large sections of previously stable river banks implies either a recent 
change in river regime or an external cause. On the Lower Gordon River the external cause 
was clearly a short period of very heavy river traffic in early 1983 followed by the 
introduction of large, high speed tourist launches. However, other factors that may have 
contributed to bank erosion were examined and are discussed below.
RIVER FLOW REGIME
Figure 4.1 shows the annual flood series for the King River at Crotty from 1924 to 1988, 
the longest record available for a Tasmanian west coast river. Watson (1978a) showed that 
there is a very high correlation between the Lower Gordon River and the King River at 
Crotty. The figure shows that during the 1980's, flood peaks have been mostly below average 
and none significantly above.
The recent damming of the Upper Gordon River and the operation of the Gordon River Power 
Station since 1977 has significantly altered the flow regime of the Lower Gordon. The 
principal effects have been; a reduction in seasonal flow variability with the virtual 
elimination of very high and very low flows, and an increase in the mean annual flow rate. 
Although this has probably slightly increased average current discharges and velocities in 
the Lower Gordon, large floods with high velocity flows were less frequent. It is therefore 
unlikely that recent changes in flow regime have contributed to bank erosion.
CURRENT SCOUR
It is well known that river bank erosion by current scour is concentrated on the outside 
concave bank at river bends just downstream from the bend apex. However, on the Lower 
Gordon erosion of all bank types is most severe on the inside convex bank at bends. This 
indicates that boat-generated waves are the cause. As a boat travels round a bend its waves 
approach the shoreline at the apex of the bend at a less acute angle than along straight reaches 
or concave banks (Figure 4.2). Waves approaching perpendicular to the bank are more 
likely to have a plunging type of break and a higher run-up than waves approaching 
obliquely, and will thus do more damage. In addition, the wave train from a passing boat
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FIGURE 4.2 Concentration of boat wave energy on the inside bank at bends.
breaks on a shorter length of bank on the inside of a bend than on the concave outer bank, and 
so wave energy will be more concentrated at the apex of a bend than on the opposite bank or 
the banks along a straight reach.
The large number of fallen trees presently lying in the river perpendicular to the banks tend 
to favour wave erosion over current scour. They reduce current velocities adjacent and 
parallel to the bank, but do little to reduce the energy of waves approaching perpendicular to 
the bank.
WIND-GENERATED WAVES
The distribution of present erosion also discounts wind-generated waves as a major cause, 
though there is evidence that they do have an effect on the wider reaches of the river near its 
mouth. Wind waves are generated on the longer reaches of the Lower Gordon, particularly 
those aligned with the prevailing westerlies. But as these waves move in a direction parallel 
to the banks they would only have a significant effect on the outer banks of bends at the
downwind end of long reaches. Present bank erosion is not significantly greater at these 
points. Limerinos and Smith (1975) calculated the energy dissipated by waves against river 
banks and found that waves moving parallel to the bank dissipated 1/2,500 to 1/6,000 of 
the energy dissipated by the same wave in a direct frontal attack
EROSION PROCESSES AND EFFFfTTS
This section examines in detail the erosion processes on each eroding bank type along the 
river. Plate 13 shows a wave breaking at the base of an exposed section of levee bank. It was 
generated by the Gordon Explorer running close to the bank at near full speed. Simons et al. 
(1982) identified 3 wave effects that may cause bank erosion.
a ) The impact of the wave on the bank may dislodge surface sediment particles. In 
addition, the impact of large waves may, under certain circumstances, produce shock 
waves that may cause saturated bank sediments to liquefy, 
b ) The wave swash moving up and down the bank may dislodge sediment particles and move 
them away from the bank.
c ) The rise and fall in water surface elevation with each wave, though very rapid, causes a 
measurable inflow and outflow of water in permeable banks which may dislodge 
sediment particles.
In general, erosion of the different bank types along the Lower Gordon River follows a 
similar sequence. Exposure of living roots on the bank surface is followed by undercutting at 
the point of maximum wave attack and/or minimum bank resistance, which is usually just 
above low water level. Where banks extend more than one metre above low water level, 
undercutting forms a distinct notch in the bank which increases in height and depth until the 
upper part of the bank and its supported vegetation collapses into the river. Further wave 
action removes the collapsed bank material and the process of undercutting and collapse is 
repeated. As bank retreat proceeds, it leaves behind a jumble of fallen trees and detached 
sections of root mat lying in the river. This material has little if any effect on subsequent 
erosion as waves seem capable of penetrating through it to the bank face without significant 
loss of energy.
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COLLUVIAL SLOPES (Figure 4.3, Plates 14 and 15)
Erosion is initiated when waves penetrate the surface root mat and proceed to mine out the 
fine matrix from around the larger rock fragments, forming a notch at the base of the bank. 
As further erosion extends the notch, the larger rock fragments eroded out of the bank 
accumulate at the base of the notch to form a natural rip rap. However, due to the great depth 
of the river (10m to 30m) and steep off-shore slopes, this does not accumulate in sufficient 
quantities to provide significant bank protection, except at very low water levels. At high 
flows this rip rap is overtopped and wave-induced undercutting proceeds unhindered.
Slope failures due to this undercutting usually consist of one or two large trees which, 
together with their root mats, slide or topple into the river leaving a scar of exposed regolith 
on the bank. These scars are generally less than 3m high and about 6m to 10m in length. In 
only a few places have larger landslides been initiated. However, once an erosional scar is 
formed by bank collapse, seepage down the slope into this exposed area appears to further 
reduce bank stability. This, in combination with continued undercutting by waves, greatly 
increases the risk that collapse of trees will progress up-slope as their toe support is 
sequentially removed. Alternatively, a large scale landslip can be triggered.
The large colluvial bank type found in the gorge near The Big Eddy has not been affected by 
wave erosion. It occurs on the outside bank of bends and at channel constrictions, and is most 
likely an erosional feature produced by the removal of finer colluvial material by flood flows 
leaving a residue of boulders too large to be moved by the current.
LEVEES (plates 16 and 17)
The usual sequence of erosion is shown in Figure 4.4. Initially waves break through the 
protective root mat on the bank face and then proceed to mine out the underlying sandy 
material. Erosive energy is usually concentrated on the light grey sand layer found at the 
base of the levee a little above low water level. However, wave splash may also wash down 
sediments from higher up the bank. Rapid seepage of water through the levees, caused by
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PLATE 14 Undercutting at the base of a colluvial slope producing a natural rip rap at 
low water level.
PLATE 15 Landslip on a severely undercut section of colluvial slope near Sir John Falls.
FAILURE BY SLIDING \
OR TOPPLING OF INDIVIDUAL \  
TREES AND THEIR SURROUNDING \  
ROOT MAT
FIGURE 4.3 Erosion and failure of colluvial slopes




PLATE 16 Undermined section of levee 
bank with still intact root mat (above spade) 
showing the original position of the bank face.
PLA TE  17 Seepage at the base of a levee 
bank causing bank sediments to liquefy.
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(b) EROSION SEQUENCE
(1) WAVES BREAK THROUGH ROOT MAT.
UNDERLYING COARSE SAND IS REMOVED BY A 
COMBINATION OF SLUMPING AND DIRECT WAVE 
ATTACK.
DARK SANDY LOAM
(3) WAVE ACTION REMOVES SOIL FROM ROOT 
MAT LEAVING A LATTICE OF ROOTS.
WAVES PENETRATE THROUGH AND UNDER 
THIS AND CONTINUE TO ERODE BANK.
AS BANKS RETREAT A SMALL SANDY BEACH 
OF ERODED MATERIAL MAY FORM.
\ \
SANDY BEACH \ W s \
FIGURE 4.4 Erosion of levee banks
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heavy rain and drawdown during falling flood stages, is an important secondary cause of levee 
bank collapse. Seepage generates high pore water pressures in the bank which greatly 
reduce its cohesion and stability. Where the bank has been undercut and oversteepened by 
wave action, high pore water pressures may lead to bank collapse by causing the sediments in 
the lower part of the bank to liquefy, particularly when they are also buffeted by large 
waves. This secondary cause of bank collapse means that, even if wave attack ceased 
altogether, oversteepened sections of levee bank (particularly the higher sections) would 
continue to slump until they reached a stable angle of repose. Bank slumping was previously 
prevented by the dense root mat that covered the bank surface and presumably extended some 
distance below low water level (Plate 16). This root mat also acted as a filter preventing 
seepage removing the finer silt and clay particles that provide sediment cohesion.
The unconsolidated, collapsed bank material, which would normally act as a buttress 
preventing further collapse, is easily removed by further wave action and the bank face 
steepened until it collapses again. The speed of this erosion cycle, and thus the rate of bank 
retreat, is controlled by the rate of removal of the collapsed bank sediment by wave action. 
This, in turn, is dependent on wave energy and the frequency of impacts. It is also influenced 
by variations in river levels. At low river levels waves usually break on a narrow beach of 
eroded bank sediments and do not reach the bank face, thus slowing erosion. However, at 
higher river levels the beach is overtopped and waves break directly on the exposed bank 
face, rapidly removing any unconsolidated sediments.
Erosion proceeds by this sequence of undercutting, slumping, then removal of material into 
the river until trees growing on the levee topple into the river. However, where the levees 
are less than 2m high and the root mat relatively thick, it may remain intact as it is 
undercut and simply folds down over the bank like a carpet. This folded-down root mat may 
persist intact for some period, giving the impression of a "natural" bank. However, large 
waves can still penetrate through, and particularly under, this folded mat and continue to 
erode the underlying sand. Removal of the soil matrix from around the plant roots by
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continued wave action and movement of the trees by the wind causes the root mat to break up 
and the unsupported trees to topple.
The eroded bank sediments form a small beach along the bank as wave action moves them into 
the channel. In addition, the dark silty basal layer which is more compacted and cohesive and 
thus more resistant to wave erosion, often forms a bench up to 1m wide between the beach 
and the exposed bank face. Though these two features protect the more vulnerable parts of 
the bank from waves at low water levels, they are frequently overtopped, resulting in waves 
directly attacking the exposed bank face. Similarly, the sections of levee bank with a gravel 
basal layer also erode at higher water levels when the protective layer of gravels is 
overtopped.
LOW, FINE-GRAINED ALLUVIAL BANKS (plates 18 and 19)
The general sequence of erosion of this bank type is shown in Figure 4.5. These low banks 
are frequently inundated, so depending on river level, waves break either on the steep bank 
face or onto the gently sloping upper surface of the bank. The most common form of erosion 
on this bank type occurs when waves hitting the face of the bank during low river levels 
mine out the sediment from below the thin root mat to form a series of narrow and often deep 
(up to 2m) notches. The pumping action of waves moving into these notches, as well as 
waves breaking directly on the bank surface at higher water levels, removes the sediment 
within the root mat leaving an exposed lattice of roots. Where lenses of coarser sediment 
(sand and gravel) occur in the bank the material eroded from them forms a small beach 
under the notch.
As the root mat is undercut and detached from the bank, the bankside trees lean into the river 
but usually do not immediately topple or die as the partially detached root mats are still 
capable of physically supporting the trees except in strong winds or during very high flood 
flows. It appears that the Leptospermum and Melaleuca species growing on these banks may 
be able to survive a high degree of root exposure for some time as long as their roots are still
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P L A T E  18 Undercutting of a low, fine-grained alluvial bank producing a lattice of 
exposed tree roots.







STRONG WINDS MAY BLOW OVER 
TREES WITH DETACHED ROOT MA
(b) PLAN
FIGURE 4.5 Erosion of low, fine-grained alluvial banks
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partly submerged. However, by May 1989 some of these trees were showing definite signs 
of die-back. At present, tree-fall along sections of this bank type is usually the result of 
strong winds toppling trees with detached root mats.
Wave attack along these banks has in many places formed, or is extending landward, regular 
small embayments (Figure 4.5). These occur between prominent trees or clumps of bushes 
which provide greater bank protection. Embayments extending up to 10m landwards were 
measured, and the presence of freshly exposed roots at the head of these embayments shows 
that erosion is active and possibly concentrated here.
BEDROCK
This bank type has not been affected by wave attack apart from superficial exposure of fresh 
roots where a thin soil mantle covers the bedrock close to water level and where, in a few 
places, highly fractured or weathered surface material has been removed.
GRAVEL BEACHES
These beaches, and the notches often found at the base of steep slopes behind them, are 
obviously erosional features caused by waves. However, they undoubtedly existed long before 
there were significant boat-generated waves on the river. There is no evidence of recent 
erosion on these bank sections and the piles of driftwood and other debris at the back of the 
beaches indicates that they were formed by wind-generated waves. This bank type only 
occurs on the two lowest reaches of the river, both subject to wind-generated waves. The 
lowest, Sea Reach, is affected by large wind-generated waves from Macquarie Harbour and 
the reach at Tuan Gabby Flat is wide and long enough for strong winds to generate large 
waves.
CONCLUSION
Radiocarbon dating of buried organic matter indicates that the levee banks along the Lower 
Gordon River have a maximum age of about 2,500 years B.P. Since that time the river 
appears to have been laterally stable, with the banks slowly accreting sediment. Evidence
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shows that most of the previously stable banks of the navigable section of the Lower Gordon 
River started to erode in the 1980's. This coincided with a rapid increase in both the height 
and number of boat waves hitting the banks per day. The most severely eroded bank sections 
were on the inside convex bank at the apex of bends, indicating that boat-generated waves
rather than wind-generated waves or river currents were the principal cause of bank 
erosion.
The erosion process on each bank type along the river varies according to the height of the 
bank and its sediment composition. On the sandy levee banks which are 1m to 4m above low 
water level the usual erosion sequence proceeds from bank undercutting at the point of 
maximum wave attack to collapse of the oversteepened section of bank. Removal of the 
collapsed bank material from the base of the bank by further wave action again leads to 
oversteepening and completes the cycle. Most slumping is caused by seepage pressures in the 
bank following heavy rain or rapid drawdown after floods.
On the low, fine-grained alluvial banks, which are less than 1m above low water level, bank 
collapse is rare. Undercutting by waves removes the bank sediment from under the surface 
root mat which folds down over the remaining bank, causing trees to lean into the river. 
Further wave action gradually exposes the tree roots and breaks up the root mat making the 
tree vulnerable to being blown over.
Once the toe support of steep colluvial slopes is removed by wave action the stability of the 
whole slope is affected, and the risk of slope failure increased until a major landslip occurs 
and provides a new, more stable angle of repose for the slope material.
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©o/̂ IPTEIRI 5
MONITORING BANK EROSION RATES 
INTRODUCTION
The method used in Chapter 3 to assess the severity of erosion damage to different bank types 
gave a quick assessment of the relative degree of visible erosion damage along the entire 
length of the Lower Gordon River. However, this method did not measure the actual erosion 
rates of the different bank types affected by boat-generated waves. Measures of the actual 
erosion rates were needed to:
a ) Support the qualitative judgements of bank erodibility made in Chapter 3. 
b ) Assess the effectiveness of restrictions on tourist boat speeds and trip frequencies.
For these reasons an on-going erosion monitoring program was established in February 
1987. This chapter deals with the results to June 1989. Monitoring is still in progress, 
though now carried out by staff of the Department of Parks, Wildlife and Heritage.
METHOD
A number of methods have been used to measure river bank erosion rates. The most common 
are:
a ) Cross-sections surveyed across the bank perpendicular to the shoreline, 
b ) Measurements from the bank edge to a fixed base line running parallel to the bank,
c ) A grid surveyed on the floodplain surface along the length of bank being studied and 
usually marked out by stakes. The grid spacings are varied according to the 
measurement accuracy required.
d ) Measurements along pins inserted horizontally into the eroding bank face.
Because none of the above are ideal for all bank types, or can be applied in all situations, 
studies of bank erosion have often used more than one method.
In this study erosion pins were used for accurate short-term measurements and surveyed 
cross-sections for less frequent monitoring over a longer period, or as a back-up if pins 
were lost during periods of rapid erosion.
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EROSION PINS (Plate 20)
After finding the cross-section and base line methods too inaccurate for a short-term study, 
Wolman (1959) was the first to use erosion pins to measure bank erosion rates. They have 
since been used successfully in many other studies of bank erosion, for example those by 
Twidale (1964), Hill (1973) and Hooke (1979). Thorne (1981), in a review of erosion 
measurement techniques, points out that erosion pins are particularly useful for measuring 
small temporal and spatial variations in erosion rates that are often missed by other 
measurement techniques. The pins used in most studies have been steel rods or pipes less 
than 1cm in diameter and from 10cm to 1m in length.
However, there are some problems and limitations in using erosion pins. If short pins are 
used there is an obvious risk of losing them between measurements if erosion is rapid. 
Though longer pins may solve this problem, Thorne and Tovey (1981) found that they can 
significantly increase the tensile strength of cohesive, fine-grained banks, inhibiting 
erosion through mass failure of undercut sections of bank. Thorne (1981) also advises 
against using pins on gravel banks, as driving the pin into the bank will inevitably disrupt 
the imbrication and packing of the material, creating a local zone of weakness that will be 
exploited by erosion. Hooke (1979) found that pins did not appear to discourage or inhibit 
the erosion process on sandy or silty banks. However, Twidale (1964) suspected that pins 
did influence erosion rates on these bank types, though not to the extent that it would 
significantly influence results.
One obvious way to minimize disturbance of bank sediments when installing pins is to use 
pins of the smallest possible diameter, but this will generally also restrict length, as the pin 
must be rigid enough to prevent flexing or bending when it is inserted into the bank. An 
effective though time consuming method which avoids sediment disturbance was used by 
Limerinos and Smith (1975) in a study of eroding sandy levees. They measured erosion by 
inserting pairs of pins horizontally into the vertical bank face a set distance apart, then 
placing a template flush with the tops of each pair of pins and measuring the distance from
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the template to the bank at regularly spaced intervals along the template over successive 
time periods. They then averaged the results for each site over each time period.
Number and type of pin: At the beginning of this study (February 1987) forty 1.5m
long, 25 x 25mm square, wooden pins (stakes) were driven horizontally into the banks at 
19 different sites along the Lower Gordon. As it was impossible to hammer pins into 
colluvium, they were only installed in the levee and low, fine-grained alluvial sections of 
river bank. In addition, 4 pins were installed at two sites on opposite banks of the Gordon 
River about 1km upstream of its junction with the Franklin River. These banks, composed 
of silt and sand, are about 2m above low water level and form a pair of channel benches inset 
between higher terraces. These two sites were used as controls as this section of the river 
has never been subjected to waves from tourist boats. Although this section of the river is 
non-tidal and has a different flow regime to the area studied, it should indicate if the natural 
trend is towards bank erosion or accretion.
In order to increase the accuracy of measurements and cover sites of particular interest, the 
number of pins was increased to 46 and the number of sites to 20 during the course of the 
study. The number of pins at the two control sites upstream of the Franklin was increased to 
6 and two new control sites with a total of 5 pins were established on a previously badly 
eroded reach between Sir John Falls and the Franklin River which has been beyond the limit 
of tourist boat operation since June 1987. These new control pins are in levee-like sandy 
sediments and should give an indication of how the levees will behave when no longer 
subjected to boat-generated waves.
Effect of pins on bank sediments: The wooden pins used at the beginning of the study 
did cause some disturbance of the bank sediments as they were hammered in. Initially this 
disturbance tended to cause localized accelerated erosion around the pin, producing a small 
cone shaped depression up to a few centimetres deep centred on the pin. This was most 
pronounced in the relatively compacted basal layer of the levee banks, less so on the sticky 
organic rich silts of the low, fine-grained alluvial banks and only slight in the sandy, 
uncohesive sediments of the levees. However, this process appeared to be self limiting and
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either the depression soon disappeared as the disturbed bank sediment around the pin 
restabilized, or else it remained roughly the same size, eroding at the same rate as the 
surrounding bank. Thus in this study the presence of erosion monitoring pins in the bank did 
not appear to affect erosion rates, except possibly for a short period after each pin was 
installed. However, during the first monitoring period erosion rates were large enough to 
make this effect negligible.
In order to minimize the above problem, all new pins installed after February 1987 and 
those used to replace the rapidly deteriorating wooden pins, were smooth sided mild steel 
rods 10mm in diameter and about 1m long. Though even thinner pins would be desirable 
they would have to be shorter and therefore more easily lost. The template method used by 
Limerinos and Smith (1975) would have avoided the sediment disturbance problem, but it 
could not be used in this study as the pins on the Gordon River often had to be located in 
awkward positions where the observer had to support himself with one hand while leaning 
over and measuring with the other.
The pins used on the banks of the Gordon were longer than those used in most other studies. 
This had the advantage that pins did not have to be checked and reset (by driving them further 
into the bank) so frequently. The longer length also reduced the risk of pin loss when 
sections of undercut levee bank collapsed. There was no evidence of these longer pins 
increasing bank resistance to erosion. Unlike the high, cohesive, fine-grained banks in the 
study by Thorne and Tovey (1981) where bank tensile strength was an important factor in 
erodibility, the high levee banks along the Lower Gordon consisted of relatively uncohesive 
clayey sands in which lack of cohesion, particularly when saturated, was the main factor 
leading to the collapse of oversteepened banks. When these banks collapse, the sediment falls 
away from around the pin, leaving it (if long enough) protruding from the unaffected bank 
behind.
Pin locations: In other studies of river bank erosion monitoring pins were usually 
located at regular intervals along the bank or in a grid pattern on the bank face. Although 
this is obviously desirable as it reduces possible sources of bias in the measurements, it was
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not possible to have such a regular spacing on the Gordon River due to the condition of the 
banks. The following criteria were used in this study when selecting monitoring pin sites: 
a ) Sites had to be immediately accessible by small boat from the river as it was often 
difficult to walk for any distance along the top of the bank because of dense 
undergrowth. This was particularly difficult on the levee bank sections of the river 
where the banks were lined with a dense tangle of fallen trees and bushes, 
b ) The banks measured had to have an accessible exposure of eroded sediment. On the low, 
fine-grained banks erosion often produced a thick tangle of exposed roots, while on the 
levees the eroded bank face was often covered by collapsed sections of root mat or by 
fallen trees and shrubs, making access and measurement impossible, 
c ) Sites were always selected away from large undercut trees that could topple and destroy 
the pins during the monitoring period.
These three criteria severely limited the number of potential monitoring pin sites and they 
have probably introduced some bias into the results. However, the same biases roughly 
apply to each bank type, so comparisons between bank types and different sections of the 
river are still valid.
On the low fine-grained alluvial banks downstream of Limekiln Reach, pins were installed as 
close to low water level as possible because erosion appeared to be concentrated here. This 
placed them just under the root mat of trees growing on the bank. Pins on the levee bank 
sections of the river were generally installed in a vertical sequence (Plate 20) so that any 
variations in the erosion rates of the three different types of sediment making up the levee 
banks would be recognized.
Method of measuring pins: All pins had the initial length of exposure recorded
immediately after installation. Erosion increments were obtained by measuring the
maximum length of exposure of the pin during each visit to the site. The measure of 
increased pin exposure was then converted to an erosion rate expressed in metres per year. 
For the purpose of this study the removal of slumped bank material by wave action was not 
considered to be bank erosion. If a pin had been covered by slumped bank sediment, it was
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recorded as slump until all the slumped material had been removed and the pin showed an 
exposure greater than that before the slump. Measurements were then resumed using the 
maximum pre-slump exposure as the previous erosion measure. Owing to the remoteness of 
the area, pin measurements could not be taken frequently or at regular intervals as some 
pins could only be accessed when river levels were low. However, all pins were measured at 
least once a year.
SURVEYED BANK CROSS-SECTIONS
Twenty-two bank profiles were surveyed with a dumpy level and staff at selected pin sites 
along the river. These were intended as a back-up if pins were lost through rapid erosion, 
however it was not necessary to resurvey any of these cross-sections during the period 
covered by this study.
MONITORING EROSION OF COLLUVIAL SLOPES.
As pins could not be driven into these slopes, variations in erosion rates were estimated by 
marking the location of new bank failures on a 1:10,000 scale map each time erosion pins 
were checked. Only major bank failures (at least 3m in vertical extent) were noted. 




The measured erosion rates for each monitoring pin are shown in Table 5.1. Mean erosion 
rates for the levees (sites 14 to 23) and the low, fine-grained alluvial banks (sites 1 to 13) 
are shown in Table 5.2 and Figure 5.1. The rates for the low, fine-grained alluvial banks 
have been split into two sections; those upstream of Mannigans Inlet (sites 8 to 13), and 
those downstream (sites 1 to 7). There have never been any restrictions on boat speed or 
trip frequencies downstream of Mannigans Inlet, whereas the section of this bank type 
upstream of the Inlet has been subject to speed restrictions for part of the monitoring period
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(Table 3.1, Chapter 3 ). Therefore the pin measurements downstream of the Inlet provide a
control against which to gauge the effect of boat restrictions on the erosion of this particular 
bank type.
It is not possible to make such an accurate comparison of pre- and post-restriction erosion 
rates for the levee banks as a speed restriction was introduced on this section of the river at 
the same time as monitoring commenced. However, an approximation of the levee bank 
erosion rates before restrictions were applied can be made as follows. At the beginning of 
this study in February 1987 it was estimated that, on average, 5 to 6 metres had been eroded 
from the levees. This was determined by measuring the distance from the root mat of the 
outer line of fallen trees (which indicates the position of the original bank) to the present 
bank face at several sites between Marble Cliffs and Sir John Falls. If, as air photos and 
other evidence indicates, serious bank erosion commenced about the time of the Gordon- 
below-Franklin Dam blockade (summer 1982-1983), then there has been roughly 5m of 
erosion in 5 summers or a conservative average rate of 1m per year, very much greater 
than the rates measured after speed controls were introduced.
Table 5.1 shows that erosion rates varied considerably along each bank section during each 
monitoring period. This indicates that, under a constant magnitude and frequency of wave 
attack, bank retreat is not uniform along sections of the same bank type over a given period. 
In general the whole process is discontinuous, and a section of bank with a relatively high 
erosion rate during one monitoring period may show little or no erosion during the next, 
whereas the rate at adjacent sites may have increased. This was particularly noticeable at 
the levee bank sites and reflects the erosion process of gradual undercutting followed by the 
sudden collapse of the oversteepened bank, as discussed in Chapter 4. On some bank sections, 
particularly the low, fine-grained alluvial banks but also on the levees, embayments have 
been formed by erosion. Because there is generally no variation in the wave energy striking 
the bank from a given boat passage, except at bends, the presence of embayments indicates 
that resistance to erosion can vary along the bank. This occurs where there is localized bank
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TABLE 5.1 EROSION PIN MEASUREMENTS
EROSION RATE (metres / year)
DATE for period up to date of reading
-------- INSTALLED____ 3 1 - 5 - 8 7  1 2-1 2 -87  2 4 - 2 - 8 8  1 1-1 1-88 3 0 - 5 - 8 9
LOW FINE-GRAINED ALLUVIUM
1 A 1 5 - 2 - 8 7 - 0 - 0.05 N/F
B 1 5 - 2 - 8 7 - 0.12 - 0.15 0.29
2 A 1 5 - 2 - 8 7 - 0.51 - 0.07 0.83
B 1 5 - 2 - 8 7 - 0.1 1 - 0.19 1 .04
3 A 1 5 - 2 - 8 7 - 0.1 - 0.49 0.23
B 1 2 - 1 2 - 8 7 - 0.03 0
4 A 1 5 - 2 - 8 7 - 0.07 - 0.04 0.09
B 1 5 - 2 - 8 7 - 0.07 - 0.04 0.09
5 A 1 5 - 2 - 8 7 - 0.06 - 0.03 0
6 A 1 5 - 2 - 8 7 - 0.05 - 0.01 0
B 1 2 - 1 2 - 8 7 - 0.01 0
7 A 1 5 - 2 - 8 7 - 0.1 1 - 0.01 0
B 1 2 - 1 2 - 8 7 - 0.04 0.02
8 A 1 2 - 1 2 - 8 7 - 0.03 0.02
9 A 1 5 - 2 - 8 7 - 0.16 - 0.09 0
1 0 A 1 2 - 1 2 - 8 7 - 0.08 0
B 1 5 - 2 - 8 7 - 0 - N/F N/F
LEVEES
1 1 A 1 6 - 2 - 8 7 0.14 N/F N/F 0 * 0 *
B 1 6 - 2 - 8 7 0 N/F N/F 0.14 0 *
1 2 A 1 4 - 2 - 8 7 0 0 0 0.28 0.05
B 1 4 - 2 - 8 7 0.1 0 * 0 * 0 0 *
C 1 4 - 2 - 8 7 0.07 0.04 0 0 0
D 1 4 - 2 - 8 7 0.14 0 0 0 0
1 3 A 1 2 - 2 - 8 7 0 0 0 0.34 0
B 1 2 - 2 - 8 7 0.31 0 0 0 * 0 *
C 1 2 - 2 - 8 7 0 0 0 0 * 0 *
D 1 4 - 2 - 8 7 0 0.15 0 0.29 0
E 1 4 - 2 - 8 7 0.14 0.56 0.05 0 * 0 *
- Pin not checked
N/F Pin site could not be found.
* Pin covered by slumped bank sediment.







EROSION RATE (metres per year) 
for period up to date of reading 
------- 31 -5-87 1 2-1 2-87 24-2-88 1 1-1 1 -88 3 0 - 5 - 8 9
1 4 A 1 4 - 2 - 8 7 0.52 0.2 0.05 0 0
B 1 4 - 2 - 8 7 0.59 0 0 0.85 0.09
C 1 4 - 2 - 8 7 2.5 0 0.25 0 * 0.47
1 5 A 1 4 - 2 - 8 7 1 .21 0 * 0 * 0 * 0 *
1 6 A 1 4 - 2 - 8 7 0.31 0 0 0.07 0
B 1 4 - 2 - 8 7 0.1 0 0.05 0.31 0
1 7 A 1 4 - 2 - 8 7 0.24 0 0.1 0 * 0 *
1 8 A 1 4 - 2 - 8 7 0.1 0 0 0.31 0.02
B 1 4 - 2 - 8 7 0.07 0 * 0 * 0 * 0 *
C 1 4 - 2 - 8 7 0 0 0 0 * 0 *
1 9 A 1 4 - 2 - 8 7 0 * 0.75 0 0 * 0
B 1 4 - 2 - 8 7 0 * 0.09 0 * 0 * 0 *
C 1 4 - 2 - 8 7 0.35 0.26 0 0 * 0
20 A 1 6 - 2 - 8 7 0.7 0 0 0.89 0.02
B 1 6 - 2 - 8 7 0 * 0 * 0 * 0.22 0 *
C 1 6 - 2 - 8 7 0 * 0 * 0 * 0 * 0 *
D 1 6 - 2 - 8 7 0.43 0.23 0.44 0 0.05
CONTROL PINS
21 A 1 3 - 1 2 - 8 7 0 0.15 0 *
B 1 3 - 1 2 - 8 7 0 0.29 0 *
22 A 1 3 - 1 2 - 8 7 0 0 * 0 *
B 7 - 1 1 - 8 8 0.02
C 7 - 1 1 - 8 8 0
23 A 1 4 - 2 - 8 7 - N/F 0 0.05 0.04
B 1 4 - 2 - 8 7 - N/F N/F N/F N/F
C 2 4 - 2 - 8 8 + 0.08 0.13
D 2 4 - 2 - 8 8 0 0.02
24 A 1 4 - 2 - 8 7 - + 0.04 0 + 0.01 + 0.02
B 1 4 - 2 - 8 7 + 0.05 0 + 0.03 0.14
- Pin not checked
N/F Pin site could not be found.
* Pin covered by slumped bank sediment. 
Indicates sediment accretion.+
15-2-87 TO 31-5-87 TO 12-12-87
MEASUREMENT PERIOD 
TO 24-2-88 TO 11-11-88 TO 30-5-89
LEVEE BANKS:
ALL PINS 0.3 [0-25]  (28) 0.09 [0-0.75] (26) 0.03 [0-0.4] (26) 0.13 [0-0.89] (28) 0.03 [0-0.5] (28)
LOW, FINE-GRAINED 
ALLUVIAL BANKS:
(1) ALL PINS not measured 0.11 [0-0.5] (12) not measured 0.08 [0.01-05] (16) 0.2 [0- 1.04] (15)
(2) PINS DOWNSTREAM 
OF SPEED-LIMIT SIGN not measured 0.14 [0-05] (7) not measured 0.13 [0.03-0.5] (8) 0.37 [0-1.04] (7)
(3) PINS UPSTREAM 
OF SPEED-LIMIT SIGN not measured 0.07 [0-0.16] (5) not measured 0.04 [0.01-0.09] (8) 0.005 [0.0-0.02] (8)
[------- ] range of measurements (metres)
(—) number of measurement points































FIG URE 5.1 Average erosion rates in metres per year for levees and 







protection (such as by a large fallen tree or a dense clump of bushes) or the sediments have a 
relatively greater resistance. Where there is an uneven resistance to wave attack, the less 
resistant parts of the bank will erode more rapidly forming an embayment.
EROSION RATES: LEVEES
A speed restriction of 9 knots was imposed on the levee bank section of the river at the 
beginning of the monitoring period. Following this, the mean erosion rate fell from an 
estimated 1m per year to 0.3m per year. As trip frequencies remained largely unchanged, 
this approximately two-thirds reduction in erosion rates must be almost entirely due the 
slower boat speeds and lower wave heights.
During the winter of 1987 the two cruise operating companies amalgamated so it became 
possible for the remaining operator to reduce boat trip frequencies without reducing 
passenger numbers. Prior to amalgamation the cruise launches very rarely ran full. After 
June 1987 only the Wilderness Seeker, the smallest of the three cruise boats, was allowed 
on the levee bank section of the river and was limited to one return trip per day. Previously 
trip frequencies had ranged from at least 2 return trips per day in spring and autumn to an 
occasional maximum of 6 return trips per day during the summer peak tourist season when 
all three boats were running. This reduction in trip frequency resulted in a further two- 
thirds reduction in the mean erosion rate of the levees; down to 0.09m per year during the 
following monitoring period (June '87 to December ’87).
During the period from December 1987 to February 1988 very little erosion was recorded 
along the levees (only 30% of pins showed any erosion) even though there had been no 
further reductions in boat speeds or trip frequencies. These very low rates were probably 
due to consistently low river levels during summer caused by below average rainfall and a 
temporary shut-down of the Gordon Power Station. When river levels are low, waves break 
on a narrow beach of eroded sediment and do not reach the face of the bank. In addition, below 
average rainfall lowers the watertable in the bank and seepage is reduced or stops altogether, 
reducing the risk of bank collapse.
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Erosion rates increased again during the next monitoring period (March '88 to November 
’88), even though boat restrictions remained the same. However, river levels were much 
higher during this period with at least two floods, the highest of which left a strand line 3m 
above low water level. When the monitoring pins were checked in February 1988 at the 
beginning of this monitoring period it was noted that, although there had been very little 
recent erosion, the eroded bank face was in an oversteepened and potentially unstable state 
due to earlier undercutting by waves. As a result, the high river levels and wet weather that 
followed caused a considerable amount of bank collapse. The pins highest in the bank showed 
the largest amount of erosion whereas 5 out of the 8 pins near low water level were covered 
by slumped bank sediment. Collapse of the oversteepened sections of levee bank appears to be 
triggered by high pore water pressures generated by water seeping out of the bank into the 
river during periods of heavy rain and falling flood stages. Under these conditions the sandy 
bank sediments liquefy readily and the upper part of the bank collapses. If this collapsed 
material remains in place at the base of the bank it will act as a protective buttress and 
prevent further collapse. However, a number of small wave-cut scarps were observed at 
different levels in this unconsolidated material indicating that it is being removed by wave 
action. This will again oversteepen the bank and cause further collapse.
During the last monitoring period (November '88 to June ’89) the mean erosion rate of the 
levees again decreased to 0.03m per year, the same as the previous summer. The weather 
and river flow conditions were also similar, with debris strand-lines on the river banks 
indicating there had been no flows higher than about 1m above low water level. Again the 
consistently low river levels had protected the exposed bank face from direct wave action. 
However, two out of the 5 pins in the lower part of the bank that had been covered by 
collapsed upper bank sediment during the previous monitoring period had been re-exposed, 
indicating that even at low water levels boat-generated waves are slowly removing slumped 
sediments and oversteepening the bank.
The data obtained from monitoring pins in the levee banks show that, once the vegetation 
cover is removed and the bank sediments exposed, they can be eroded by even small (<20cm
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high) and infrequent waves. The evidence available also indicates that these banks will not 
stop eroding and start to stabilize unless all boat-generated wave impacts are stopped for 
however long it takes the banks to revegetate. It is also obvious that they are most 
vulnerable to erosion when river levels are high and the bank sediments saturated.
EROSION RATES: LOW, FINE-GRAINED ALLUVIUM
The section of this bank type downstream of Mannigans Inlet, which has never been subject to 
any restrictions, showed a slight reduction in erosion rates over the first two monitoring 
periods (Table 5.2 and Figure 5.1). This reflects the reduction in overall boat trip 
frequencies after amalgamation of the two tour operating companies in the winter of 1987. 
Before amalgamation 6 return trips per day in summer were common, whereas in 1989 trip 
frequencies along this section of the river ranged from one return trip 5 days per week in 
winter to a maximum of 5 return trips daily in summer. There were no actual restrictions 
on trip frequency downstream of Limekiln Reach, but after amalgamation the tour operator 
could only run a maximum of four half day trips and one full day trip with the 3 boats he had 
available. However, this only occurred occasionally during the peak of the summer tourist 
season and the normal schedule for most of the year was one half day and one full day trip per 
day.
During the last monitoring period (November '88 to June ’89) mean erosion rates on this 
unrestricted section of the river nearly trebled (from 0.13m per year to 0.37m per year). 
It appears that, in contrast to the levees, these banks are more susceptible to erosion when 
river levels are low and waves break on the bank face rather than onto the top of the bank or 
the floodplain behind it. When these low lying banks are flooded (by any rise in river level 
of more than about 1m) waves breaking onto the floodplain surface do less damage because: 
a ) This surface is protected by a dense root mat.
b ) Even small fluctuations in high river levels will move the breaker zone a considerable 
distance backwards and forwards across the floodplain surface, thereby dispersing
wave energy.
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However, when river levels are consistently low, wave energy is concentrated for long 
periods on the bank face just below the root mat, leading to the undermining and eventual 
breakup of the root mat as described in Chapter 4. It seems that the earlier erosion rate 
measurements in this reach may have been underestimates of the long-term trend, possibly 
because the measurements were taken following periods of relatively high river levels.
In contrast, erosion rates on this bank type upstream of Mannigans Inlet have shown a steady 
decline, and during the last monitoring period (November '88 to June ’89) showed virtually 
no erosion at all (Figure 5.1 and Table 5.2). On this section of the river there were no 
restrictions on boat speed until June 1987, except for a 9 knot speed limit on a short section 
of bank at Horseshoe Bend (pin sites 9 and 10). However, the first monitoring period 
straddled the introduction of a 9 knot speed limit, as well as a reduction in trip frequency for 
the whole of this section of the river. The reduction in boat speed accounts for the erosion 
rate being much lower on this section of the river than on the section of the same bank type 
outside the restriction zone. During the following monitoring period (December '87 to 
November ’88) erosion rates decreased further, showing the full effect of the restrictions 
introduced in June 1987. Over the last monitoring period (November '88 to June '89) 
there was only very slight erosion recorded at 2 out of 8 sites and in many places the banks 
showed signs of revegetation
The monitoring pin data indicate that, through control of boat speeds and a reduction in trip 
frequencies, erosion of the low, fine-grained banks can be successfully reduced to a level 
where natural revegetation occurs. It is unlikely that continued wave attack at the present 
level of intensity will cause further serious damage to these banks. The evidence indicates 
that, as long as the frequency of wave impacts is low, these cohesive banks, even without a 
protective cover of vegetation, can withstand the impact of waves up to 20cm high without 
rapidly eroding. If the natural regrowth now evident on these banks becomes established 
they will eventually be fully restabilized. The main danger is that the present intensity of 
wave attack may still cause enough erosion to inhibit or slow the natural revegetation
process.
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EROSION RATES: CONTROL SITES
The control pins upstream of the junction of the Gordon and the Franklin River (sites 26 and 
27) have shown a definite trend towards sediment accretion, except during the last 
monitoring period (November *88 to June '89) when some of the pins at previously 
accreting sites showed erosion (Table 5.1). Upstream of the Franklin River the Gordon is 
more dynamic than in its estuarine section, with a narrower channel and higher current 
velocities. As a result, the bank sediments are subjected to larger variations in flow regime 
leading to alternating periods of accretion and erosion. However, the data do indicate that the 
river is capable of depositing sediment and rebuilding the banks along its lower reaches.
The control pins between the Franklin River and Sir John Falls (pin sites 24 and 25) are in 
sandy sediments similar to the levees further downstream. These sandy sediments are slack 
water deposits formed where there is a localized reduction in current velocity, such as on the 
inside bank just downstream of a bend or in small bays like Goulds Landing. So although this 
section of the river is only about half the width of the levee bank sections, has a steeper 
gradient and thus higher average current velocities, the sediments would have been deposited 
under, and would be subject to, similar current velocities. All tourist boat traffic on this 
section of the river was stopped in June 1987. Since then the erosion trend of these banks 
has closely paralleled that of the levees with no erosion during the summer of 1987-88 but 
a significant amount of bank retreat over the following autumn and winter. Similarly, there 
was virtually no erosion recorded during the last monitoring period (November '88 to June 
’89), though the banks at Goulds Landing (site 24) had slumped, probable as a result of the 
undercutting recorded during the previous monitoring period (February '88 to November 
’88). This shows that, once the vegetation cover is destroyed, erosion of the levees is not 
entirely due to boat-generated waves. Other factors including high river levels and 
saturation of bank sediments play an important part. It has been nearly two years since 
wave erosion of these banks stopped and they have still not stabilized. This indicates that 
limiting boat speeds and frequencies, or even banning boats altogether, will not provide an 
immediate solution to the erosion problem on the levees. The only way to ensure long-term
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stability will be to ensure complete bank revegetation, either rapidly by artificial means or 
more gradually through natural regrowth.
EROSION RATES: COLLUVIAL SLOPES
Erosion of these slopes was monitored by noting the occurrence of any fresh landslips greater 
than 3m high each time erosion pins were checked. The results are shown in Table 5.3 and 
the location of the slips shown on Map Sheets GR 1, 2 and 3.
Very few major landslips have occurred on colluvial slopes since monitoring began, except 
during the monitoring period February '88 to November '88 in which 8 fresh slips were 
recorded. A severe storm in October 1988 with gale force winds and heavy rain was 
probably the triggering mechanism of most, if not all, of these 8 slips. Four of these slips 
appeared to have originated further up the valley slope and do not have bank undercutting as a 
contributing cause. Of the other four, two occurred between Sir John Falls hut and Sir John 
Falls, a section of bank still subject to boat waves, and two occurred between Sir John Falls 
and the Franklin River, an area not subjected to wave attack from tourist boats since June 
1987.
LANDSLIPS
__measurement D e r io d ____ number of landslios
Total prior to 15-2-87 1 1
15-2-87 to 31-5-87 0
31-5-87 to 12-12-87 2
12-12-87 to 24-2-88 1
24-2-88 to 11-11-88 8
11-11-88 to 31-5-89 0
TABLE 5.3 Frequency of landslips greater than 3m high on colluvial slopes.
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Of the slips evident on the banks at the beginning of monitoring in February 1987, the two 
largest, on slopes near Horseshoe Bend, had already revegetated. Annual growth-ring counts 
from saplings growing on these slips (made by Michael Pemberton of the Tasmanian 
Department of Parks Wildlife and Heritage) indicate that these slips are at least 10 years old 
and pre-date the current period of serious bank erosion. Obviously landslips can occur on 
steep colluvial slopes without wave attack at the base playing a part. However, the other 9 
sites were all fresh and until recently have shown no sign of revegetation. Most of these 
slips are likely to be directly related to wave erosion.
Wave erosion is only one of the possible causes contributing to landslips on colluvial slopes 
and slips may occur on slopes unaffected by wave erosion. Wave erosion at the base of a slope 
removes its toe support and thereby decreases slope stability. Although this increases the 
risk of failure, the triggering mechanism will nearly always be slope saturation caused by 
prolonged, heavy rain. If strong winds also accompany heavy rain, trees are more easily 
blown over and a falling tree may trigger a major bank failure. Thus landslips are most 
likely to occur during winter when rainfall and thus slope moisture levels are highest.
Preventing further undercutting of these slopes by restricting river traffic would stop 
wave-cut notches from increasing in size and extent. However, this would only help to limit 
the size and number of future landslips, it would not reduce the risk of failure for slopes 
already undercut.
CONCLUSION
Monitoring of bank erosion rates over a period of nearly two and a half years using erosion 
pins has shown that restrictions on boat speeds or trip frequencies can significantly reduce 
erosion rates on all bank types found along the river. Reducing the frequency of boat 
passages obviously reduces the number of waves hitting the bank over a given period, which 
must in turn reduce the total amount of erosion. However, the approximately two thirds 
decrease in erosion rates achieved by reducing boat speeds from around 25 knots to 9 knots 
without altering trip frequency indicates that there is a speed below which a given boat will
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generate waves of negligible erosive energy for a particular bank type. This is discussed 
further in the next chapter. The three tourist boats operating at 9 knots would seem to be 
near this limit for the low cohesive banks downstream of Limekiln Reach, but obviously still 
above it for the less cohesive levee banks. The levees are highly susceptible to wave attack 
and there are other causes contributing to bank retreat. Therefore further reductions in 
boat speeds or trip frequency may not be sufficient to prevent further erosion as long as 
these banks remain in an exposed, eroded state. The alternative solutions would be; 
a ) Ban all boats until the levees have revegetated and stabilized. If natural regrowth is 
slow it may have to be supplemented by artificial means, 
b ) Artificially increase bank resistance to wave attack, 
c ) Prevent waves from reaching the bank face.
PLATE 20 Vertical sequence of 
three monitoring pins (wood) in an 
eroded levee bank.
PLATE 21 Levee bank at Sir John Falls 





An experiment to measure directly the amount of bank erosion caused by the waves generated 
by the tourist boats operating on the Lower Gordon River was conducted on the 30th and 31st 
of May 1987. The 3 tourist boats operating on the river at that time (Wilderness Seeker, 
Gordon Explorer and James Kelly II) were used to generate waves at different boat speeds. 
Wave characteristics were recorded and related to measurements of erosion on a test section 
of river bank. There were three main aims for this experiment:
a ) To determine the speeds at which the boats currently using the river would cause no 
damage to the banks.
b ) To determine which of the measured wave characteristics was the best general 
predictor of erosion rates.
c ) To identify inflection points in bivariate plots of the data that may indicate thresholds 
in the erosive energy of waves.
The identification of bank erosion thresholds is very important for the management of 
navigable rivers, as even slow rates of erosion can cause considerable damage if allowed to 
continue for years or decades. If the erosion threshold of a particular bank type can be 
defined in terms of an easily measured wave parameter, such as height or wavelength, then it 
is a relatively simple task to regulate river traffic to ensure that boat-generated waves are 
below the erosive threshold of the bank.
It would have been desirable to field test a number of different bank types and configurations, 
but logistical support was only available for one major field experiment at one test site. 
However, the following chapter investigates the behaviour of different sediment types 
subjected to varying degrees of wave attack under laboratory conditions.
METHOD
E x p e r im e n t  l o c a t io n
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An exposed section of levee bank immediately upstream of the landing at the Sir John Falls 
hut was selected for the experiment. The bank material was a uniform uncohesive sand with 
a mean grain size of 1.58<j>, slightly coarser than the main section of levee banks further 
downstream. The site was chosen for four main reasons:
a ) The bank sediments were similar to those in the levees, the most severely eroded bank 
type along the river.
b ) This bank type would represent a worst case scenario and any restriction based on the 
result for this bank would have a good margin of safety when applied to other more 
cohesive banks.
c ) The site was open to the river with no vegetation or other obstructions off-shore to 
inhibit approaching waves.
d ) The landing provided excellent access to the test site, something that would have been a 
major problem along most of the other levee bank sections.
A wave probe and surveyor's staff were attached to a steel tripod and placed in 3m of water, 
16m from the landing and 21m from the test bank. A buoy was placed in the river a further 
15m off-shore from the tripod as a guide for the boat captain so that each boat passage was 
approximately the same distance from shore.
BANK EROSION MEASUREMENTS
Because of the difficulty of effectively measuring bank erosion resulting from wave action 
over a short period of time, three different erosion indices were examined, 
a ) Wire erosion pins (2mm diameter and approximately 20cm long) were inserted in the 
base of the test bank just above water level in order to directly measure the extent of 
bank retreat with each boat passage. Between 4 and 9 pins were used, depending on the 
configuration of available bank as erosion proceeded. The results were averaged for 
each test run, with erosion expressed in millimetres of bank retreat. After each boat
85
passage the pins were removed and the bank smoothed with a spade to create the same 
conditions for each test.
b ) As an index of the amount of sediment transported in the swash zone with each boat 
passage, a trap was placed on the bed in the swash zone immediately in front of the test 
bank. The trap consisted of a metal tray 30 x 27 x 2 cm with its base pinned firmly to 
the "beach" at the base of the test bank. A 1.5cm square mesh placed inside the trap 
helped to retain accumulating sediment in the trap. The sediment collected in this trap 
represents the saltated load reaching a height greater than 2cm above the bed (the 
height of the sides of the trap) in the wave swash zone, but also probably includes a 
small proportion of suspended load. The sediment caught in this trap is referred to as 
swash load.
c ) Suspended load was sampled by opening a 77ml bottle, positioned 30cm above the bed in 
the swash zone, during the period of maximum turbulent activity associated with each 
boat passage. This technique provided an index of the amount of sediment thrown into 
suspension during the arrival of each wave train.
Techniques b and c were not mutually exclusive in terms of the sediment they measured, but 
this was not necessary as they were designed to provide indices of erosion evidenced by wave 
induced sediment movement.
BOAT SPEED
Boat speeds were measured by timing the boat over a measured distance marked by two 
buoys. This gave the boat speed relative to the bank, but due to the current of the river the 
upstream speed was always less than the downstream speed at the same engine r.p.m. The 
average river current velocity was measured each day of the tests by timing the drift of a 
10cm diameter by 1.5m long PVC tube (sealed at one end and weighted to float with about 1m 
submerged) between the two marker buoys. Boat speeds relative to the bank were then 
corrected to give boat speed through the water. Liaison with the boat captains and 




Two techniques were used to measure the heights and periods of the boat-generated waves.
3 ) A im  long Churchill Controls" capacitance probe connected via a data conditioner to a 
chart recorder operating at a speed of 12cm/minute and running off a portable 
generator. The probe measured wave heights to an accuracy of <1cm and was calibrated 
on installation and after each day's experiments. These measurements were performed 
by Dr. M. Renilson of the Australian Maritime College, 
b ) Wave movements past a surveyor's staff attached to the same tripod as the wave probe 
were video taped with a Sony Video 8 camera. With this technique wave heights could 
be measured to an accuracy of ±2cm every 1 /25th. of a second. These measurements 
were performed by Dr. E. A. Bryant of the University of Wollongong.
These techniques are similar to those used successfully by Bhowmik et al. (1982). As in 
their study, the wave probe was found to be more accurate and easier to interpret than the 
video tape, especially where wave periods were erratic and compound waves were present. 
However, the video and staff provided a valuable back-up as well as an independent check on 
data accuracy. For this study wave measurements were taken from the chart recorder trace, 
except for one test run when the recorder failed and data was supplemented from the video 
tape.
WAVE PERIOD: The average wave period for each wave train was measured from the chart 
trace by dividing the number of wave crests in the whole wave train by the time it took 
these crests to pass the wave probe.
WAVELENGTH: As all the measured waves passing the probe were in deep water (3m), 
wavelength was calculated as L = 1.56T2, where T was the mean wave period in seconds 
for the whole wave train.
MAXIMUM WAVE HEIGHT: Was taken as the maximum crest to preceding trough distance in
each wave train.
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SIGNIFICANT WAVE HEIGHT: Was calculated as the average height of the highest one third of 
the waves in each individual wave train. The number of wave crests making up the 
highest one third was also recorded.
WAVE POWER: Mean wave power per unit crest length was calculated using the formula
-  1 p
P = g p g  H C n Komar (1976)
where P = the mean wave power (W/m).
p = the density of the water (kg/m^). 
g = the gravity constant (m/s2).
H = the wave height (m).
C = the wave velocity (m/s)
n = the fraction of wave energy that travels forward with the wave 
group form and varies with the ratio of depth to wavelength; for 
waves in deep water n = 0.5.
As all the waves were in deep water when passing the probe, an n value of 0.5 was used 
for all the calculations. Wave power was calculated both for the maximum wave height 
and also for the significant wave height. The wave power for the significant wave 
height was multiplied by one third the total number of wave crests in the wave train to 
give a comparative measure of the total wave power within each wave train. This 
measure has been called the "significant wave power" and the wave power calculated 
from the maximum wave height the "peak wave power".




The measured wave characteristics and erosion rates are shown in Tables 6.1, 6.2 and 6.3 
for the Wilderness Seeker, Gordon Explorer and James Kelly II respectively. Data for all 
three erosion indices were obtained from the runs using the Wilderness Seeker, except for 
three swash load measurements that were discarded because the sediment trap had obviously 
overflowed. However, problems with data collection occurred during the runs of the other 
two boats. During runs 5b, 6 and 7 of the Gordon Explorer, two severe collapses of the test 
bank prevented measurement of erosion rates using the wire pins. Furthermore, on the 
second day of the tests, during the runs of the James Kelly II, river levels had fallen and 
erosion pin measurements could not be taken as the vertical section of the test bank was clear 
of the water. On these occasions only swash load and suspended load data were collected. A 
few samples were also lost or mis-handled.
The "Statview 512+" statistical package was used for all the analysis in this Chapter. When 
comparing boat speeds to erosion rates the data from all three boats were combined as no 
statistically significant difference could be found between the wave characteristics produced 
by the three boats when travelling at the same speed. This was tested using an F-test devised 
by Dr. K. Russell (Statistical Consultant at the University of Wollongong). For each wave 
characteristic the test checked whether the use of the individual data sets for each boat gave a 
significantly better fit than the three data sets combined. It involved dividing the Residual 
Mean Square of the combined data by the Residual Mean Square of the individual data sets 
added together. This gave a value F:
_____ R S S(ge + ws + jk ) /D F (g e  + ws + |k)_____
= (RSSge + RSSws + RSSjk)/(DFge + DFws + DFjk)
where RSS = the residual sum of squares of the linear regression. 
DF = the degrees of freedom of the regression, 
ge = data for the Gordon Explorer, 
ws = data for the Wilderness Seeker, 
jk = data for the James Kelly II.
TABLE 6.1

































1a Down 4.7 3.6 1 .52 3.8 3.0 (4) 2.1 5.2 0.01 1 2.5 (4) 0.1 2.3
1b Up 5.0 1 .7 1 .05 7.6 5.5 (4) 5.8 12.1 0 .044 1.0 (5) 1 .5 5.8
2a Down 6.1 4.5 1 .7 8.1 4.8 (6) 10.7 22.4 0 .018 1.6 (5) - 9.1
2b Up 6.1 2.8 1 .33 8.7 7.3 (4) 9.6 27.9 0 .032 0.5 (4) 0.8 30 .8
3a Down 7.5 7.9 2.25 1 9.1 15.0 ( 5 ) 78.4 241 .9 0 .024 8.2 (6) 1 .9 1 14.9
3b Up 7.3 5.0 1.8 b 1 2.9 8.8 (4) 28.6 52.7 0 .026 3.2 (4) 1 .8 169.8
4a Down 8.7 7.9 2.25 31 .9 21.6 ( 5 ) 218.8 501 .7 0 .040 8-7 (7) 3.3 523.1
4b Up 8.9 4.0 1.6 b 51.1 22.1 (4) 399.2 299.1 0 .128 7.6 (7) 5.8 388 .4
5a Down 9.9 15.0 3.11 56.3 31.0 (6) 941.9 1703.4 0 .037 62.3 (7) 12.0 - a
5b Up 9.9 25.0 4.0 b 44.0 26.6 (3) 739.9 812.6 0 .018 35.1 (7) 6.1 189.8
6a Down 12.1 22.0 3.76 50.1 37.1 (4) 901 .8 1973.1 0 .023 70.7 (7) 2.8 - a
6b Up 13.1 22.0 3.75 44.0 33.0 (3) 693.7 1 173.9 0.020 39.7 (8) 6.7 - a
7a Down 3.9 3.2 1.43 c 3.2 3.0 (3) 1 .4 3.7 0.010 0.0 (6) 0.0 0.0
7b Up 4.0 1 .4 0.96 c 2.1 1.6 (3) 0.4 0.7 0.015 0.0 (6) 0.0 0.0
8a Down 4.8 1 .9 1.12 c 7.8 6.2 (4) 6.5 16.4 0.040 5.5 (6) 0.0 0.0
8b Up 4.5 2.9 1.37 c 4.6 3.4 (4) 2.8 6.0 0.016 2.3 (6) 0.2 7.9
9a Down 5.8 6.2 2.0 6.8 6.5 (2) 8 . 8 16.1 0.01 1 8.3 (6) 0.1 0.5
9b Up 5.7 4.6 1 .73 7.6 6.0 (3) 9.5 17.4 0.016 3.7 (6) 1 .4 60 .2
10a Down 7.2 7.9 2.28 15.7 10.8 (3) 53.7 74.3 0.019 9.2 (6) 1 .1 8 . 0
1 Ob Up 6.7 4.6 1.73 c 14.6 10.8 (3) 35.2 57.0 0.031 6.8 (6) 1 .0 54 .0
11a Down 8.3 8.4 d 2.32 d 25.0 d - 138.6 _ 0.029 12.0 (6) 3.1 198.0
1 1b Up 7.9 7.7 2.23 c 1 7.3 13.5 (3) 63.8 115.6 0.022 7.5 (6) 1 .7 3 25 .9
a Swash load trap overflowed b Energy mainly in higher harmonics such that wave period = 2 x modal wave period. 00
c Very irregular interval between waves d Measured using video tape
TABLE 6.2
WAVE CHARACTERISTICS AND EROSION RATES 
GORDON EXPLORER
DIRECTION SPEED AVERAGE MAXIMUM SIGNIFICANT WAVE SIGNIFICANT EROSION
Upriver/ THROUGH WAVE WAVE WAVE WAVE Ht. (cm) POWER WAVEPOWER WAVE PINS (mm) SUSPENDED SWASH
BULL Downriver WATER (knots) LENGTH (m) PERIOD (sec) Ht. (cm) (# of waves) (W/m) (total W.) STEEPNESS (# of pins) LOAD (qm) LOAD (am)
1a Up 7.6 5.9 1 .94 1 7.7 15.7 (5) 58.1 228.4 0 .030 11.4 (8) 1 .3 2 1 1 .2 '
1b Down 7.6 7.9 2.25 b 24.3 20.0 (3) 126.9 257.7 0.031 15.6 (8) 2.6 563.8
2a Up 7.6 5.6 1.89 c 22.2 14.0 (4) 88.5 141 .5 0 .040 14.8 (8) 0.9 75.5
2b Down 8.2 8.2 2.29 28.1 17.6 (4) 172.8 271 .1 0 .034 14.1 (8) 2.7 295 .0
3a Up 9.1 14.0 3.0 c 29.8 17.3 (4) 254.6 342.2 0.021 14.9 (9) 2.0 910.0
3b Down 9.4 12.9 2.88 39.0 32.3 (6) 418.6 1717.4 0 .030 34.1 (8) - -
4a Up 9.8 11.1 2.67 c 37.9 29.3 (3) 366.5 657.0 0.034 16.4 (7) 0 . 0 434.3
4b Down 10.3 15.9 3.19 62.2 34.4 (4) 1 179.2 1442.3 0.039 29.3 (7) 9.8 488.1
5a Up 8.4 8.5 2.33 c 27.1 18.3 (3) 163.5 223.7 0.032 13.6 (8) 2.0 138.0
5b Down 8.4 9.7 2.5 c 40.6 26.1 (3) 393.8 488.2 0.033 - 3.2 592.1
6a Up 8.9 7.5 2.2 b,c 25.0 18.8 (3) 131 .4 222.9 0 .033 _ 4.1 490.1
6b Down 8.9 6.7 2.1 b,c 50.1 33.0 (3) 496.5 645.7 0.075 - 7.6 1 135.2
7a Up 9.6 9.7 2.5 c 33.8 18.3 (3) 272.9 240.0 0.035 _ 4.9 5 93 .7
7b Down 9.8 10.4 2.58 40.0 36.2 (3) 394.4 968.8 0.039 - 7.8 1 042.1
b Energy mainly in higher harmonics such that wave period = 2 x modal wave period, 




WAVE CHARACTERISTICS AND EROSION RATES 
JAMES KELLY II
DIRECTION SPEED AVERAGE MAXIMUM SIGNIFICANT WAVE SIGNIFICANT
Upriver/ THROUGH WAVE WAVE WAVE WAVE Ht. (cm) POWER WAVEPOWER WAVE EROSION SUSPENDED SWASH
BUtL Downriver WATER (knots) LENGTH (m) PERIOD (sec) Ht. (cm) (# of waves) (W/m) (total W.) STEEPNESS PINS (mm) LOAD (pm) LOAD (pm)
1a Up 6.9 4.5 1 .7 10.8 8.3 (4) 18.9 44.1 0.024 0.2 20.7
1b Down 7.3 7.1 2.1 20.0 13.5 (4) 81 .4 148.2 0.028 - 1 .9 204.2
2a Up 8.3 3.1 1.4 b 23.2 19.0 (3) 72.0 144.5 0.076 _ 1 .2 299.2
2b Down 8.3 1 1 .8 2.75 29.2 21.0 (3) 224.0 347.7 0.025 - 1 .8 566.6
3a Up 6.9 2.5 1.28 c 13.5 11.3 (4) 22.3 62.7 0.053 _ 0.1 2.7
3b Down 7.4 7.1 2.13 c 20.2 18.3 (3) 83.0 204.2 0.029 - 2.1 129.8
4a Up 8.6 6.1 1.97 b,c 24.3 18.8 (3) 111.2 199.5 0.040 _ 2.5 315.5
4b Down 8.8 9.5 2.47 33.7 20.4 (6) 268.0 588.2 0.035 - 4.6 738.0
5a Up 9.3 9.1 2.42 33.7 24.3 (3) 262.6 409.3 0.037 _ 2.1 710.1
5b Down 9.7 9.1 2.42 37.8 24.7 (4) 330.4 563.9 0.041 - 7.8 441.0
6a Up 7.7 2.2 1.2 b 22.2 14.5 (5) 56.5 120.5 0.099 _ 0.2 10.9
6b Down 8.1 1 1.8 2.75 22.7 14.3 (5) 135.4 268.7 0.01 9 - 3.9 290.5
7a Up 8.0 6.5 2.0 24.3 20.6 (2) 115.1 165.6 0.037 _ . 1 14.0
7b Down 8.3 11.1 2.67 31.1 26.8 (2) 246.8 366.4 0.028 - 1 .9 478.5
8a Up 8.7 15.3 3.13 c 29.7 22.0 (3) 263.8 434.2 0.019 138.5
8b Down 8.9 1 1.8 2.75 27.0 21.1 (3) 191.6 350.7 0.023 - - 715.0
b Energy mainly in higher harmonics such that wave period = 2 x modal wave period. 
c Very irregular interval between waves
CD
92
lf F ~ 1 then the data sets are not significantly different, whereas if F > 1.6 the individual 
data sets give a significantly better fit (at the 5% significance level) than the combined data. 
The F values for all the wave characteristics are below 1.6, except significant wave height. 
However, a logarithmic transformation of the data for significant wave height produces an F 
value of 1.1 indicating that the relationship is non-linear.
The three erosion indices were plotted against the combined speeds of all three boats (Figure 
6.1) and envelope curves fitted to the distributions to identify inflection points in the data 
that may indicate thresholds in erosive energy. Envelope curves are used to identify trends 
in the data instead of lines of best fit for two reasons. Firstly, with higher magnitude waves, 
erosion measured by the three erosion indices becomes very variable. Under such conditions 
it is reasonable to define the upper limit of scatter, as the occasional low values are of little 
consequence. Secondly, in an applied study designed to recommend ways to prevent all 
erosion, identification of maximum erosion rates is of more value than mean rates.
A correlation matrix of boat speed, wave characteristics and erosion indices is shown in 
Table 6.4. This was done to rank the measured wave characteristics in terms of the 
importance of their effect on bank erosion. Except for wave steepness, all the wave 
characteristics show a good correlation with the three erosion indices. The highest 
correlations are with erosion rate, the next highest with suspended load and the lowest with 
swash load. None of the wave characteristics that show a high correlation with erosion rate 
give a significantly better explanation than any of the others (tested at the 1% significance 
level; King, 1969; 131). Plots of erosion rates against each of the measured wave 
characteristics except wave steepness are shown in Figure 6.2. Envelope curves have been 







































SUSPENDED LOAD VS BOAT SPEED
boat speed (knots)
FIGURE 6.1
s p e e d  w a v e le n g th pe riod m ax. ht. s ign if. ht. p o w e r s ig . p o w e r s te e p n e s s e ro s io n s u s p e n d e d  s w a s h  load
b oa t spee d 1
w a ve le n g th .798 1
w a ve  pe riod .825 .981 1
m a x im u m  w a v e  he igh t .877 .715 .738 1
s ig n ific a n t w a ve  he igh t .904 .738 .766 .937 1
p ea k  w a v e  p o w e r .760 .795 .764 .898 .824 1
s ig n ific a n t w a ve  p o w e r .746 .763 .743 .809 .833 .898 1
w a v e  s te e p n e ss .193 -.26 -.296 .359 .113 .112 .190 1
erosion rate .790 .8 47 .831 .791 .843 .861 .930 .0 06 1
s u s p e n d e d  load .622 .575 .594 .820 .730 .799 .734 .215 .684 1
s w a sh  load .696 .461 .529 .720 .767 .544 .654 .205 .508 .656 1






















a PEAK WAVE POWER VS EROSION RATE 95
MAXIMUM WAVE HEIGHT VS EROSION RATE






















C SIGNIFICANT WAVE POWER VS EROSION RATE
SIGNIFICANT WAVE HEIGHT VS EROSION RATE
























WAVELENGTH VS EROSION RATE
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DISCUSSION
Of the three erosion indices measured, bank erosion rate is the most important. The other 
two indices, suspended load and swash load, only indicate the wave's ability to move already 
eroded sediments away from the bank. Because only one suspended load sample was taken for 
each wave train, it provided a far less consistent measure than erosion rate, which was 
averaged from between 4 and 9 individual observations. There were also problems with the 
swash load measurements. Although the trap was kept in place through the arrival of an
entire wave train, it only collected sediment that was raised more than 2cm above the bed by
wave action, and so it could not indicate the initiation of swash zone sediment movement. 
Furthermore, observations of the sediment trap during the passage of large waves indicated 
that trailing waves in the train often partially emptied the trap of sediment deposited by the 
first one or two waves. For these two reasons only the middle range of swash load 
measurements can be considered as accurate, the high and low values both being 
underestimates. The erosion pin measurements at the lower end of the range are probably 
higher than normal because cleaning the bank between each test run produced a skin of
freshly disturbed material for each run and did not allow the bank to "settle down" to a more
normal erosion rate, such as would occur if there were repeated boat runs at these low 
speeds. Furthermore, the erosion pins themselves disturb the immediately adjacent 
sediment when they are inserted, and they generate their own turbulent eddies, thereby 
accentuating the level of erosion near the pin. However, this exaggeration of erosion rates 
was only noticeable at lower wave magnitudes below the major thresholds recognizable in 
Figure 6.2.
It is clear from the data presented in Tables 6.1, 6.2 and 6.3 that, for a given speed, wave 
heights and hence resulting bank erosion were generally greater when the boats were 
travelling downstream. This is not a general feature of the river, but a peculiarity of the 
study site which was in an embayment containing a large eddy. This meant that the current 
near the bank used for the tests flowed upstream. Peregrine (1976) points out that waves 
propagating against a current will have their amplitude increased, and therefore the normal
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situation would be that a boat, moving at a given speed relative to the water, will produce 
higher waves when moving upstream against the current than when moving downstream.
Because there is considerable scatter in the data, particularly for higher magnitude waves, 
only broad trends can be interpreted. For this reason, analysis of the data from this 
experiment concentrated on identifying thresholds in wave erosive energy within the wave 
characteristics measured, rather than producing a model to predict actual erosion rates from 
wave and sediment characteristics.
SAFE BOAT SPEEDS FOR THE GORDON RIVER
Plots of bank erosion rate, swash load and suspended load verses boat speed are shown in 
Figure 6.1. The envelope curve indicates that negligible erosion of sandy non-cohesive banks 
occurs at boat speeds less than 4.5 knots. Similarly, the waves produced by the three boats 
travelling below this speed will not bring unconsolidated coarse material lying on the bed 
into suspension. Movement of suspended sediments and swash load suddenly increases at a 
boat speed of about 7.5 knots. However, a dramatic increase in bank erosion rate does not 
occur until a speed of about 9 knots. Thus there are two major inflection points in the data, 
one at a boat speed of 7.5 knots for suspended and swash load and the other at 9 knots for bank 
erosion. In terms of the erosive potential of the wave trains produced by the tourist boats 
operating on the river there are two major thresholds in erosive energy. The first is 
reached at a boat speed of about 7.5 knots when the ability of the waves to move 
unconsolidated material in the swash zone and to bring it into suspension suddenly increases. 
The second major threshold is reached at a speed of about 9 knots when the ability of the 
waves to erode consolidated but uncohesive banks suddenly increases.
The implications for river management are clear; to prevent further erosion the boats 
currently operating on the river should not be allowed to travel faster than 4 knots while 
passing banks of sandy uncohesive sediment. If boat passage frequencies are severely 
restricted, speeds up to 7.5 knots will probably only cause slight damage, but if the boats 




The wave characteristics used in this study as predictors of bank erosion rates fall into two 
groups:
a ) Those that describe the wave train as a whole (mean period, mean wavelength, 
significant wave height and significant wave power), 
b ) Those that describe only part of the wave train (maximum wave height, peak wave 
power and maximum wave steepness).
It would seem logical that the wave characteristics which describe the wave train as a whole 
would give a better measure of its erosive potential than those that only describe part of it. 
As Renilson and Lenz (1988) point out, the maximum wave height may not be a good measure 
of the erosive energy in a wave train as some trains contain only one pronounced peak 
whereas others have a series of peaks close to the same height. It was for this reason that 
significant wave height and significant wave power were used as variables in this study. 
However, it is also possible that the erosive energy of a wave train is concentrated in a small 
part of the train, with the remaining waves having little effect. It is beyond the scope of this 
study to solve this problem conclusively as not enough data has been collected. But, the 
relatively high correlations between erosion rates and the variables describing only part of 
the wave train indicates that the erosive potential of a wave train may well be concentrated 
in its maximum components.
Plots of the 6 wave characteristics against bank erosion rate are shown in Figure 6.2. 
Although erosion of essentially cohesionless sandy sediments is initiated at very low wave 
energies ( <10 W), erosion rates remain low ( < 20mm) until a peak wave power of about 
400 W/m and a significant wave power of 750 W when there is a jump in rate of bank 
retreat. This seems to indicate the major threshold for these two wave power measures and 
probably indicates the point at which more cohesive sediments would start to erode. These 
thresholds do not appear when the two wave power values are plotted against suspended load 
and swash load (not shown). In both these cases the rate of sediment movement increases 
rapidly with increasing wave power from a very low threshold.
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Plots of maximum and significant wave height against erosion rate show that erosion may be 
initiated at very low wave heights (3cm to 4cm). There is a slow increase in erosion rate up 
to a significant wave height of about 25cm and a maximum wave height of about 35cm. 
Beyond these thresholds there is a dramatic increase in wave erosive power. As with wave 
power, these major inflections probably indicate the erosion threshold for more cohesive, 
resistant banks. These inflections do not appear in plots of suspended and swash loads against 
wave height (see Figure 6.3) both of which show a steady increase from both a maximum and 
significant wave height of about 6cm.
For wavelength, bank erosion is initiated at about 2m and the principal threshold is at about 
12m. For mean wave period erosion begins at just over 1 second and the main threshold 
occurs at about 2.75 seconds.
Although it does not give the highest correlation with erosion rate, maximum wave height 
appears to be the most convenient erosion predicting parameter to use, because it has a well 
defined threshold and is easy to measure. Furthermore, the more complicated parameters 
that take into account the whole wave train do not give a significantly better explanation 
erosion rate than maximum wave height.
The erosion pin data show that erosion rates become extreme when maximum wave heights 
exceed 30cm to 35cm (measured in deep water 15m from the sailing line). In terms of 
river management serious erosion of all but the most resistant bank types could be expected 
from wave trains with a maximum height above 30cm to 35cm. Although the main 
threshold in bank erosion appears to be at a maximum wave height of about 30cm the 
suspended and swash load measurements show that at heights above 12cm waves will be able 
to move most unconsolidated material away from the bank into the channel (Figure 6.3). In a 
situation where high steep banks fail by slumping, the slumped material lying at the base of 
the bank can provide a buttress, supporting the bank and preventing further collapse. 
However, if this slumped material is rapidly removed by wave action the bank will again be 















SWASH LOAD VS MAXIMUM WAVE HEIGHT
SUSPENDED LOAD VS MAXIMUM WAVE HEIGHT
FIGURE 6.3
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resistant to wave attack, waves could still accelerate other processes of erosion by 
preventing the banks from stabilizing. Therefore, though waves with a maximum height 
between 12cm and 30cm may not erode some bank types, they have the potential to cause 
instab ility .
CONCLUSION
Definite thresholds in the erosive potential of boat-generated wave trains appear to exist. 
These thresholds are well defined by all the wave characteristics measured in this study, 
except wave steepness. Although significant wave power showed the highest correlation with 
bank erosion rate, the correlations with the other wave characteristics (except wave 
steepness) were not significantly lower (at the 1% significance level) . Maximum wave 
height is the easiest of these parameters to measure and indicates a major threshold in wave 
erosive potential at a height of about 30cm to 35cm (waves measured in deep water 15m 
from the sailing line). Waves above this height would be expected to erode even highly 
resistant banks. At lower maximum wave heights only banks with very low resistance will 
be eroded and the rate of bank retreat will be relatively low. However, wave trains in this 
lower height range may accelerate natural erosion processes by removing unconsolidated 
material from the base of the bank.
For the boats currently operating on the Lower Gordon River the erosion thresholds were 
related directly to boat speed through the water. There was no erosion of the sandy levee 
banks or movement of sediment in the wave swash zone for boat speeds below 4 knots. Above 
a boat speed of about 7 knots there was a sudden and continuous increase in swash load and 
suspended load movement. The major threshold in bank erosion rate occurred at a speed of 
about 9 knots. In order to prevent further damage to the erosion exposed banks of the Lower 
Gordon River none of the boats currently operating should be allowed to exceed 4 knots while 
on the levee bank sections of the river. For the other more resistant bank types, 7 knots 
would be a safe limit, but under no circumstances should these boats be allowed to exceed 9
knots.
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WAVE TANK EXPERIMENT
INTRODUCTION
This chapter investigates which properties of bank sediments and attacking waves are the 
primary controls of bank erosion rates. Out of the large number of measurable factors that 
may influence the erosion rates of river banks attacked by waves, a few easily measured 
wave and bank sediment characteristics were examined to see if they can be used to predict 
erosion rates.
Sediment samples taken from the banks of the Gordon and Henty Rivers were subjected to 
controlled wave attack in a laboratory wave tank. The measured erosion rates were then 
correlated with wave and sediment characteristics to determine if it was possible to develop a 
simple predictive model. The experiment was carried out in a wave tank located in the 
Department of Civil Engineering at the University of Wollongong.
METHOD
WAVE TANK (Plate 22)
The wave tank used in the experiment was 10m long, 61cm wide and filled to a depth of 
35cm. Waves were generated by an oscillating paddle hinged at the bottom. Both the 
deflection and speed of travel of the paddle could be varied to produce waves with different 
characteristics. Wave characteristics were measured using two 40cm long, NSW Public 
Works Department Mk. V capacitance wave probes, connected to a "Yew" 3061 multi-pen 
chart recorder. The two probes were mounted 1.5m apart and the read-outs recorded side by 
side on the chart recorder. The probes were recalibrated daily. Two probes were used so 
that wave velocity could be measured directly without the use of formulas. Horizontal and 
vertical baffles were placed in the tank near the wave generating paddle to reduce the 
tendency of larger waves to oscillate from side to side as they moved down the flume. To 
absorb wave energy and reduce reflection, gravel was placed at the opposite end of the tank to 
the wave generator.
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PLATE 22 Wave tank showing the position of the two wave probes and the chart 
recorder.
PLATE 23 Bank sediment samples and holder.
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SEDIMENT SAMPLES
Bank sediment samples from the Gordon River were collected in 8cm diameter, 12cm long 
steel tubes and those from the Henty River in 10cm diameter, 12cm long PVC tubes. These 
tubes were gently hammered into the bank to obtain samples with minimal structural 
disturbance. Twenty two sediment samples were collected representative of the following 6 
different bank types:
a ) Clayey matrix material from colluvial slopes (Gordon River),
b ) Mottled clayey sand from the levee banks (Gordon River),
c ) Grey sands from the levee banks (Gordon River), 
d ) Compacted sandy loam from the base of the levee banks (Gordon River), 
e ) Silts from the low alluvial banks (Gordon river), 
f ) Organic silts (Henty River)
The silts from the Henty River were used to represent fine grained, organic rich alluvials, 
as the silts from the Gordon River contained a preponderance of fine sand (Table 7.1).
EXPERIMENT PROCEDURE
Six sediment samples (one from each bank type) were used for each run of the experiment. 
Before being used they were submerged for at least two hours to ensure they were completely 
saturated, and then allowed to drain freely for 10 minutes before being weighed and placed in 
a specially designed sample holder with the centre of the sample at still water level (Plate 
23). The sample holder was mounted 3m from the wave probes and 9m from the wave 
generator. The chart recorder was then switched on and the wave generator activated. The 
recorder was only operated for about 1 minute at the beginning of each run of the experiment 
to give a representative wave trace. Starting the chart recorder before the first wave moved 
down the flume allowed each wave to be identified on the trace from each wave probe simply 
by counting the number of wave crests that had passed the probe. The time taken for each 
wave crest to travel from the first to the second probe was then easily measured and the wave 
velocity calculated. Timing the duration of wave attack commenced as soon as the first wave 
hit the samples. When noticeable erosion of at least one sample had occurred the wave
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generator was stopped, all the samples removed, allowed to drain for 10 minutes and then 
weighed. The samples were then returned to the wave tank and the run continued. The period 
between weighings was varied according to the observed rate of sediment removal from the 
most rapidly eroding sample, so that a number of measurements of erosion rates could be 
obtained from each sample. At the end of the run the mean erosion rate was calculated for 
each sample in terms of the rate of removal of material from the exposed sediment face 
(expressed as gm/cm2/hr). The more erosion resistant samples were used in more than one 
run so their behaviour under attack by waves of varying energy could be observed.
WAVE CHARACTERISTICS
WAVE HEIGHT: The crest to trough height was measured from the trace on the chart 
recorder. On some runs, particularly those at greater wave heights, an interference 
pattern developed due to partial wave reflection from the sample holder. This produced 
waves of varying height and so both a mean and maximum wave height were recorded.
WAVE PERIOD: The distance between successive wave crests on the recorder chart divided by 
the chart speed.
WAVE VELOCITY: The time taken for a wave crest to travel from one wave probe to the next 
(measured on the chart trace) divided by the distance between the probes.
WAVELENGTH: The product of wave velocity and period.
WAVE STEEPNESS: Mean wave height divided by mean wave length.
WAVE POWER: Mean wave power per unit crest length was determined from the function
P = - -p g  H2 C n (Komar, 1976) o
where P = the mean wave power (W/m).
P = the density of water (kg/m3).
g = the gravity constant (m/s2).
H = the wave height (m).
C = the wave velocity (m/s).
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n th© fraction of wav© enerQy that trav©ls forward with th© wav© Qroup 
form and varies with the ratio of depth to wave length. Tables of n 
values are given in the appendices of Coastal Engineering Research 
Centre (1977).
SEDIMENT CHARACTERISTICS (Table 7.1)
ORGANIC CONTENT: A crucible was filled with about 30gm of oven dried sediment, weighed 
and placed in a kiln at 500°C for 1 hour. Samples were then re-weighed to determine
the percentage weight loss due largely to combustion of the organic matter in the 
sample.
GRAIN SIZE. The grain size categories of the Wentworth Scale were used in this experiment. 
Sediment samples were oven dried overnight and then passed through a 1cm sieve to 
remove any large pieces of gravel or organic matter. About 50gm of sample was placed 
in a beaker and 50ml of H20 2 (hydrogen peroxide) added to digest organic compounds 
and the samples left overnight. An additional 50ml of H20 2 was added and the sample
heated gently for 1 hour to complete digestion of organic compounds. The clay fraction 
of the sediments was dispersed by adding 100ml of NaP03 ("Calgon") to each sample,
agitating it in a milk shake mixer for 10 minutes and then in an ultrasonic bath for an 
additional 10 minutes. The dispersed sample was washed through a 4<j> (0.063mm) 
sieve. The portion of the sample that did not pass the sieve was placed in an evaporating 
dish, oven dried and sieved to determine the proportion of:
Fine sand: 4<j> to 2<f> (0.063mm to 0.25mm)
Medium sand: 2<> to 14> (0.25mm to 0.5mm)
Coarse sand: 1 <> to -1<}> (0.5mm to 2mm)
The coarser than sand fraction: <-1 <f> (>2mm)
The portion of sample passing the 4<f> sieve was placed in a graduated cylinder and 
topped up to 1 litre. It was thoroughly stirred and hydrometer readings taken 45 
seconds and 3 hours after stirring to determine the proportion of silt (4<j> to 6<>, 
0.063mm to 0.004mm) and clay (>8<J>, <0.004mm) respectively. At each reading the
PERCENTAGE OF TOTAL SAMPLE
SAMPLE







LEVEE — 1<(> 1 (J) 2 <() 4<(> 8(J)
SJFWT1 1 .3 0 2.5 12.3 54.6 9.6 19.5
SIWT1 0.8 0 8.5 57.3 28.2 1 .0 4.8
HPWT3 4.9 0 0.1 0.25 60.5 20.4 13.5
MCWT3 0 0 1.3 27.6 45.8 1 .9 23.2
SJFWT2 2.8 0 0.9 6.6 63.0 15.2 1 1.5
S1WT2 1.2 0 2.1 20.6 58.9 7.4 9.8
HPWT2 2.8 0 0.04 2.2 61 .6 20.4 12.9
MCWT2 1 .5 0 2.0 41 .2 43.3 6.1 5.9
SJFWT3 1 .9 0 1.1 8.0 64.35 17.0 7.6
S1WT3 4.8 0 0.6 16.5 57.5 14.8 5.7
HPWT1 3.9 0 0.1 3.5 64.5 17.0 1 1 .3
MCWT1 6.2 0 0.1 1 1 .3 57.9 12.0 12.4
COLLUVIUM
WTC1 3.2 0 7.9 23.4 40.2 13.8 1 1 .6
BEWTC1 2.2 3.8 9.1 19.5 46.0 10.5 8.8
LKRWT1 10.6 8 4.0 6.9 25.6 17.0 27.7
FINE-GRAINED ALLUVIUM
ECWT1 4.2 0 0.5 13.8 59.0 1 1 .9 1 0.5
SRWT1 12.5 0 0.2 0.4 39.5 30.4 16.8
HBWT1 24.4 0 0.3 0.75 39.3 23.2 12.2
S5WT1 8.5 0 0.3 1 .2 58.8 18.4 12.7
HENTY RIVER
HTYWT1 16.0 0 0.3 1 .3 17.5 43.5 21 .3
HTYWT3 8.9 0 0.1 5.3 31 .8 36.2 17.5
HTYWT4 22.6 0 2.0 8.7 17.8 33.3 15.4
TABLE 7.1 Sediment sample characteristics
LIQUID PLASTIC
MEAN <|) MEDIANS LIMIT LIMIT
4.9 3.3 38.7 -
1 .95 1 .8 34.6 -
4.8 3.8 38.5 29.5
4.7 2.7 28.0 -
4.1 3.3 25.4 22.3
3.3 2.4 25.0 23.0
4.6 3.6 30.6 27.4
2.8 2.2 27.5 26.6
3.8 3.3 29.5 25.3
3.5 3.1 24.5 31.9
4.3 3.5 33.5 28.5
4.2 3.3 32.5 27.7
3.7 2.8 26.9 23.7
3.1 2.6 26.3 22.6
5.6 4.0 42.6 40.5
3.9 3.1 35.0 29.6
5.5 4.4 67.0 56.9
5.1 3.9 73.0 62.6
4.7 3.7 59.0 53.5
6.3 6.1 63.0 55.1
5.4 4.9 51 .8 40.8
























temperature of the suspension was measured and the sediment concentration corrected 
at the rate of +0.3gm for every 1°C above 20°C and -0.3gm for every 1°C below 20°C.
From a percentage finer plot on log probability graph paper the median grain size was 
determined as Md $ = <j>50
and the mean grain size as M § = 10 + $30 + $50 + $70 + $90 / 5 
(McCammon, 1962).
LIQUID AND PLASTIC LIMITS: A portion of each sample was air dried, passed through a 
0.4mm sieve and the portion passing the sieve wetted and left overnight. Liquid limits 
(w l) were determined by the fall cone test. The depth of penetration after a 5 second 
free-fall of a standard 30°, 80gm cone was recorded for each sample at 4 successively 
higher water contents. The water content was determined by oven drying a small 
portion of the sample taken from the test cup after each test. Water contents were then 
plotted against depth of cone penetration on semi-log graph paper to determine the 
liquid limit (the water content for a depth of penetration of 20mm).
Plastic limits (Wp) were determined by rolling a thread of sediment from each sample 
on a hard surface until it just started to crumble at a diameter of 3mm, and then oven 
drying the sample to determine the water content. The test was performed three times 
for each sample and the results averaged. Plastic Limits could not be determined for 
some samples as they contained too much sand. Where both the liquid and plastic limits 
of a sample were determined, the plasticity index was also calculated as; Ip = Wl - Wp.
DATA ANALYSIS
Two samples showing exceptionally high erosion rates (WTC1 in Run 1 and MCWT3 in Run 
5) were rejected as they started to fall apart even before they were subjected to wave action, 
indicating that they were probably disturbed when collected. All the remaining samples were 
included in the data set with some particularly resistant samples tested more than once. The 
mean erosion rates for each sample used and the wave characteristics of each run of the 
experiment are shown in Appendix 2. Table 7.2 shows mean erosion rates for each sample
together with the characteristics of the attacking waves and the sample sediment 
characteristics.
Both mean and median sediment grain sizes were used in the analysis as the grain size 
distribution of some of the samples was highly skewed. The plastic limits for some of the 
samples could not be determined because of their high sand content, so only liquid limits 
were used to give an approximate measure of sediment consistency and strength. Two 
composite variables were also used in the initial stage of the analysis. These were the total 
percent sand and the percent silt + clay in the sample. The "Statview 512+" statistical 
package was used for all the analyses in this chapter.
In the first stage of the analysis all independent variables were plotted against the measured 
erosion rates (see Figure 7.1 a to p). Although there was considerable scatter in the data the 
relationships appeared to fall into three categories; linear, non-linear and no obvious 
relationship. The variables having a linear relationship with erosion rate were percent 
coarse sand and percent medium sand (Figure 7.1 b and c). Those with an obvious non­
linear relationship were; percent organic matter, percent silt, percent clay, percent silt 
+ clay, total percent sand, mean <>, median <{>, and the liquid limit (Figure 7.1 a, e, f, g, h, j, 
k, and I). The variables that appeared to be unrelated to erosion rate included all the wave 
characteristics and the percent fine sand.
A correlation matrix of all the variables (Table 7.3) showed that percent coarse sand and 
percent medium sand had the highest linear correlation with erosion rate. These two 
variables were summed to make a new composite variable, percent coarse and medium sand. 
This new variable had a higher correlation with erosion rate (r = .77) than coarse sand (r = 
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MCWT2 1 0 7 .0 1.5 8 6 . 3 4 12.0 2 .8 2 .2 2 7 . 5 9.1 14.0 8 . 8 0 . 0 6 3
S1WT1 9 6 .0 0 .8 9 4 .0 5.8 1.9 1.8 3 4 . 6 3 .0 5 .2 5 5 . 2 5 0 . 0 3 3
BEWTC1 94 .8 2 .2 7 4 .6 19 .3 3.1 2.6 2 6 . 3 4 .3 9.0 6 .6 0 . 0 5 5
SJFWT1 62 .0 1.3 6 9 .4 29.1 4 .9 3.3 3 8 . 7 4 .3 9.0 6 .6 0 . 0 5 5
S1WT1 5 7 .6 0 .8 9 4 .0 5.8 1.9 1.8 3 4 .6 1 .8 4 4 .0 4 . 0 0 . 0 2 4
S1WT2 2 4 .0 1.2 8 1 . 6 17.2 3 .3 2.4 2 5 .0 3 .0 5 .2 5 5 . 2 5 0 . 0 3 3
HPWT2 2 0 . 0 2 .8 6 3 . 8 7 3 3 .3 4 .6 3.6 3 0 . 6 9 .2 14.4 1 0 .4 0 . 1 0 4
HPWT2 15 .0 2 .8 6 3 . 8 7 3 3 .3 4 .6 3.6 3 0 . 6 8.1 14.0 8 .9 0 . 0 6 8
SJFWT3 7.8 1.9 7 3 . 4 5 2 4 .6 3 .8 3.3 2 9 .5 6.8 12.6 9 .0 0 . 0 9 2
HPWT3 6 .5 8 4 .9 6 0 . 8 5 3 3 .9 4 .8 3.8 3 8 .5 5 .2 6.0 5 .3 0.01 8
SJFWT2 5 .3 2 .8 70 .5 2 6 .7 4.1 3.3 2 5 .4 4 .3 9.0 6 .6 0 . 0 5 5
HPWT2 4 .9 2 .8 6 3 .8 7 3 3 .3 4 .6 3.6 3 0 .6 5.2 6.0 5 .3 0.01 8
HPWT2 3 .9 2 .8 6 3 . 8 7 3 3 .3 4 .6 3.6 3 0 .6 6.5 7.8 6 .4 0 . 0 2 8
SJFWT2 3 .5 2 .8 70 .5 2 6 .7 4.1 3.3 2 5 .4 3 . 9 5 6.5 6 .3 0 . 0 5
S1WT2 2 .6 1.2 81 .6 1 7 .2 3 .3 2.4 2 5 .0 1 .84 4.0 4 .0 0 . 0 2 4
HTYWT3 2.1 6 8 .9 3 8 .0 53 .8 5.4 4.9 5 2 .0 4 .3 9.0 6 .6 0 . 0 5 5
MCWT1 2 .0 4 6.2 6 9 .3 8 24 .4 4 .2 3.3 3 2 .5 6.8 12.6 9 .0 0 . 0 9 2
HPWT2 1 .5 2 .8 6 3 .8 7 33 .3 4 .6 3.6 3 0 .6 2 .6 4.0 4 .0 0.01 1
MCWT1 1.19 6.2 6 9 .3 8 24 .4 4 .2 3.3 3 2 .5 9.1 14.0 8 .8 0 . 0 6 3
HPWT3 1 .1 8 4 .9 6 0 .8 5 3 3 .9 4 .8 3.8 3 8 .5 2 .6 4.0 4 .0 0.01 1
HPWT3 1 .17 4 .9 6 0 .8 5 3 3 .9 4 .8 3.8 3 8 .5 6.5 7.8 6.4 0 . 0 2 8
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SJFWT3 0 .9 5 1 .9 7 3 . 4 5 2 4 . 6 3 . 8 3 .3 2 9 .5 4 . 3 9 .0 6 .6 0 . 0 5 5
SJFWT3 0 .7 3 1.9 7 3 . 4 5 2 4 .6 3 .8 3.3 2 9 .5 3 . 9 5 6.5 6 .3 0 .0 5
HPWT3 0 .7 4 .9 6 0 .8 5 3 3 .9 4 .8 3.8 3 8 .5 8.1 14.0 8 . 9 0 . 0 6 8
HPWT3 0 .5 4 .9 6 0 . 8 5 3 3 . 9 4 . 8 3.8 3 8 .5 9 .2 14.4 1 0 .4 0.1 04
HTYWT3 0 .4 4 8 .9 3 8 .0 5 3 .8 5 .4 4.9 52 .0 9 .2 14.4 1 0 .4 0.1 04
HTYWT1 0 .3 9 16 .0 1 9 .0 6 4 . 7 5 6 .3 6.1 6 3 .0 9.1 14.0 8 .8 0 . 0 6 3
LKRWT1 0 .3 6 1 0 .6 3 6 .5 4 4 .7 5 .6 4.0 4 2 .6 9.1 14.0 8 .8 0 . 0 6 3
HPWT1 0.3 3 .9 68.1 2 8 .3 4 . 3 3.5 3 3 .5 9 .2 14.4 1 0 .4 0.1 04
HPWT1 0 . 2 5 2 3 .9 68.1 2 8 .3 4 .3 3.5 3 3 .5 6 .8 12.6 9 .0 0 . 0 9 2
HTYWT3 0 .2 8 .9 3 8 .0 53 .8 5 .4 4.9 5 2 .0 8.1 14.0 8 .9 0 . 0 6 8
HPWT1 0 .1 9 3 .9 68.1 2 8 .3 4 .3 3.5 3 3 .5 8.1 14.0 8 .9 0 . 0 6 8
HTYWT4 0.1 2 2 2 . 6 2 8 .5 4 8 .7 5 . 3 2 5.1 4 8 .0 6 .8 12.6 9 .0 0 . 0 9 2
S1WT3 0.1 02 4 .8 7 4 .6 2 0 .5 3 .5 3.1 3 4 .5 6 .8 12.6 9 .0 0 . 0 9 2
SRWT1 0 . 0 7 5 12 .5 40.1 4 7 .2 5 .5 4.4 6 7 .0 6 .8 12.6 9 .0 0 . 0 9 2
S1WT3 0 .0 7 4 .8 74 .6 2 0 .5 3 .5 3.1 3 4 .5 9 .3 15.4 9 .4 0 . 0 6 9
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F I G U R E  7 . 1  p
o r g a n ic c o a r s e  s . m e d . s a n d fin e  s a n d silt c la y total s a n d silt  +  c la y w a v e  p o w . m a x . ht. m e a n  ht. s t e e p n e s s m e a n  0 m e d ia n  0 liq u id  lim . erosion
o r g a n ic  ( % ) 1
c o a r s e  s a n d  ( % ) -.211 1
m e d iu m  s a n d  ( % ) - .3 76 .758 1
fin e  s a n d  ( % ) -.613 -.315 -.194 1
s ilt  ( % ) .617 -.467 -.571 -.578 1
c la y  ( % ) .496 -.175 -.503 -.568 .651 1
total s a n d  ( % ) - .7 95 .339 .576 .687 -.915 -.833 1
silt  +  c la y  ( % ) .628 -.404 -.597 -.625 .963 .832 -.966 1
w a v e  p o w e r .232 -.203 -.253 -.015 .097 .219 -.206 .149 1
m a x im u m  w a v e  h e ig h t .235 -.117 -.174 -.043 .051 .169 -.168 .098 .937 1
m e a n  w a v e  h e ig h t .224 -.145 -.195 -.01 .059 .139 -.156 .093 .926 .975 1
w a v e  s t e e p n e s s .204 -.074 -.1 12 -.01 .018 .041 -.093 .028 .723 .863 .926 1
m e a n  0 .658 -.537 -.7 85 -.416 .849 .867 -.929 .93 .26 .192 .186 .092 1
m e d ia n  0 .659 -.479 -.6 35 -.568 .971 .756 -.952 .979 .193 .142 .14 .072 .923 1
l iq u id  lim it .835 -.246 -.384 -.549 .643 .499 -.748 .648 .102 .08 .08 .062 .672 .657 1
erosion rate - .3 43 .753 .744 -.15 -.462 -.313 .444 -.449 -.114 -.062 -.0 83 -.045 -.564 -.5 13 -.2 9 6 1
TABLE 7.3 correlation matrix for erosion rate with wave and sediment characteristics.
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The variables percent coarse sand and percent medium sand were replaced by the new 
composite variable percent coarse and medium sand for analysis with a stepwise multiple 
regression using erosion rate as the dependent variable. The F statistic for variables to 
enter the equation was set at 4. At this entry level only the composite variable percent 
coarse and medium sand entered the equation with an adjusted R2 value of .58. As some of the 
relationships in the data were obviously non-linear, stepwise regressions using both 
inverse and logarithmic transformations of the non-linear variables were undertaken,
however no further explanation was attained. The predictive equation resulting from the 
analysis of the data was:
E = 1.38 (C + M) - 4.19 (R2 = .58)
where E = the erosion rate in gm/cm2/hr.
C = the percentage of coarse sand in the sediment.
M = the percentage of medium sand in the sediment.
DISCUSSION
The relatively low wave heights, continuous wave generation and interference patterns set up 
by reflected waves at higher wave energies, meant that the wave patterns generated in the 
flume correspond more to wind-generated rather than to boat-generated waves. The results 
of the field tests discussed in the previous chapter showed that there are obvious thresholds 
in the erosive potential of waves. Therefore, though the results of this experiment will be 
valid for the range of wave heights (up to 15cm) generated in the wave tank, it would be 
very misleading to extrapolate the results of this experiment beyond this range. Also, Figure 
7.1 i (a plot of percentage coarse and medium sand against erosion rate) shows that the 
predictive equation relies heavily on a limited number of data points, making any 
extrapolation risky. However, the data do provide a good model of the behaviour of exposed 
river bank sediments when subjected to wind waves generated over the short fetches common 
on rivers.
The results show clearly that, when exposed sediments are subjected to attack by waves up to 
15cm high, the resulting erosion rates are determined largely by variations in the
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composition of the bank sediments rather than by variations in wave height, power or 
steepness. Fifty eight percent of the variation in measured erosion rates was explained by 
variations in the percentage of coarse and medium sand in the sample. Increasing the 
percentage of coarse and medium sand increases the erosion rate to the point where samples 
with a high percentage of sand eroded rapidly when subjected to waves only 4cm high.
The plots of erosion rates against the measured wave and sediment characteristics (Figure 
7.1 a to p) show a number of interesting relationships.
a ) Sediment samples with organic contents above 5% showed no erosion (Figure 7.1 a), 
indicating that organic material in the bank sediments greatly increases its resistance 
to wave attack by binding the sediment particles together. Relatively small amounts of 
organic matter in the sample had a significant effect, more marked than the increase in 
sediment cohesion due to increased clay content (Figure 7.1 f). 
b ) An increase in the percentage of particles coarser than fine sand decreases the cohesion 
of the sediment and thus increases its erosion rate as shown in Figure 7.1 i. Coarse 
sandy sediments, such as those making up the levee banks along the Lower Gordon 
River, also tend to be naturally low in organic matter, which further increases their 
susceptibility to erosion. This is because the coarser heavier sands are usually moved 
and deposited as bed load, whereas the lighter organic silts and organic debris are 
moved in suspension leading to a rapid separation of the two sediment types during 
transport down river. Furthermore, because coarse sandy sediments have a relatively 
low plant nutrient content and dry out easily, root penetration and density is much 
lower than for the absorbent, nutrient-rich organic silts, 
c ) Bank erosion rates are not influenced by the fine sand content of the bank sediments 
(Figure 7.1 d), as this fraction has little effect on cohesion or consistency, 
d ) Increasing sediment silt and clay content reduced erosion rates (Figure 7.1 e, f and g) 
by increasing cohesion. Above a silt-clay content of 35% no erosion occurred, 
e ) The decrease in erosion rates as the proportion of fines in the sediment increased was 
reflected in the plots of mean and median grain size against erosion rate shown in
Figure 7.1 j and k. However, the mean grain size showed a slightly higher correlation 
with erosion rate than the median grain size (Table 7.3). 
f ) Erosion rates decreased with increasing sediment liquid limit and those with liquid 
limits above 40% showed no erosion (Figure 7.1 I). The liquid limit is a measure of 
sediment strength and consistency, and decreases with increasing sand content.
The sediment samples from the levee banks were all eroded by waves within the height range 
tested (up to 15cm), whereas the samples from the low, fine-grained alluvial banks and the 
organic silts from the Henty River did not erode. Samples from the basal sandy loam in the 
levees showed some erosion at higher wave powers, but were much more resistant than the 
overlying coarser, less compacted levee sediments. One of the three samples collected from 
colluvial slopes was rejected as it started to fail apart even before it was subjected to wave 
attack and had probably been disturbed during sampling. Of the two remaining samples, one 
showed a high rate of erosion while the other did not erode at all. No clear conclusions can be 
drawn from these two samples, though it may be that the colluvial material is highly 
variable in its resistance to erosion. Alternatively, the rapidly eroded sample may also have 
been disturbed during sampling.
The implications of these results for river bank stability on the Lower Gordon are that 
exposed sediments on the low, fine-grained alluvial banks are highly resistant to erosion by 
waves below 15cm in height and possibly to larger waves as well. Waves below 15cm 
include nearly all wind-generated waves and those produced by boats travelling at low speed. 
It is clear there is no "safe" wave height for levee banks with exposed sediments, as any level 
of wave attack will cause some erosion. However, the basal layer of the levees is much more 
resistant than the upper portion and can withstand attack by waves less than about 10cm. 
Although no firm conclusions can be drawn from the two samples tested, the colluvial slopes 
may also be susceptible to erosion by small waves. However, the natural rip rap that forms 
at the base of these slopes as they erode, provides protection at low river levels.
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CONCLUSION
Exposed sandy sediments with low organic contents and low cohesion are extremely 
susceptible to wave erosion, even by small waves of the size generated by wind on rivers. 
Large boat-generated waves will rapidly erode these sediments, but in windy areas where 
boat traffic is light, the cumulative effect of much smaller wind-generated waves operating 
over long periods may be significant. However, the effect of wind-generated waves is usually 
localized, being concentrated at the downwind end of longer river reaches that are aligned 
with the prevailing winds. Cohesive fine-grained sediments with a high organic content will 
be resistant to erosion by wind-generated and low boat-generated waves, but may be eroded 
by larger boat-generated waves.
To ensure the stability of river banks affected by wind or boat-generated waves, sandy non­
cohesive sediments must always be protected from wave attack, either by maintaining a thick 
vegetation cover with a dense surface root mat, or by artificial means that either prevent 
waves from reaching the bank or give the sediments greater resistance. Finer, more 
cohesive sediments with a relatively high organic content will be resistant to most wind­




Boat-generated waves are an important factor influencing bank stability on many of the 
world's major rivers. The significance of boat-generated waves relative to other factors 
causing erosion varies from river to river, but on most navigable rivers their significance 
will increase as the speed, size and number of boats using the river increases. High velocity 
currents attacking the river bank during floods are generally considered to be the most 
significant factor causing bank erosion, however, where these are rare or absent (such as on 
the lower reaches of rivers and estuaries), boat wave attack can be the most significant 
factor causing bank instability.
This thesis examined both the effects of wave attack on different river bank types and the 
means of preventing boat traffic causing erosion of river banks. The field site studied was 
the Lower Gordon River in southwest Tasmania. This estuarine section of the river had been 
badly eroded following the introduction of 3 modern, high speed cruise boats to service an 
expanding tourist industry. Evidence was first gathered to prove that boat generated waves 
were the primary cause of bank erosion on the river. There is a relatively easy method of 
determining if bank erosion is caused by river currents, boat-generated waves or wind­
generated waves, based on the distribution and type of erosion. Erosion by river currents is 
generally most severe on the outside bank at a bend, just downstream of the bend apex. 
Wind-generated waves will only affect the outside bank at the end of long straight reaches. 
However, erosion by boat-generated waves will be most severe on the inside bank at bends, 
an area not usually affected by the other two causes of erosion.
Seven different bank types were identified along the section of the Lower Gordon used by 
tourist boats and five of these had been eroded by boat-generated waves. On all the eroded 
bank types the sequence of erosion was similar. All the eroded banks had a dense vegetation 
cover prior to erosion, so the initial effect of wave attack was to expose living plant roots on 
the bank surface by removing the surrounding soil. After further erosion penetrates the
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root mat, a notch forms in the bank at the point of heaviest wave attack or lowest bank 
resistance, which is usually near low water level. As this undercutting proceeds, the upper 
part of the bank and its supported vegetation collapses into the river. On the two most 
severely eroded bank types, colluvial slopes and levees, seepage through the bank into the 
river was an important secondary factor leading to collapse. On the levees, where the most 
severe erosion was occurring, a cycle of erosion was evident. This consisted of slumping of 
an oversteepened section of bank due to high pore water pressures in the bank sediments, 
then the removal of the slumped sediment from the base of the bank by wave action leading 
again to an oversteepened, potentially unstable condition. The speed of this cycle was 
obviously controlled by the rate at which waves removed slumped bank material from the 
base of the bank. In fact, on some rivers and some bank types the removal of unconsolidated 
eroded bank material from the base of the bank may be a more important factor in bank 
erosion than the effect of direct wave attack.
An "erosion severity index" was devised based on the three stages of erosion damage (root 
exposure, undercutting, and tree-fall). It proved an easy and effective method of 
determining the relative severity of erosion damage along the Lower Gordon River. However, 
this index was essentially a measure of visual degradation and was not accurate or objective 
enough to indicate variations in bank erosion rate over time. Accurate monitoring of changes 
in erosion rate became necessary when the Tasmanian Government imposed restriction on the 
operation of tourist boats on the river in an effort to prevent further damage to the banks. 
Erosion pins (wooden stakes or steel rods hammered horizontally into the exposed bank face) 
were found to be the best means of monitoring the effects of these boat restrictions. They 
were easy to measure, highly accurate and large numbers could be easily installed. During 
the course of this study up to 46 pins were installed in the banks of the Lower Gordon and 
monitored for two and a half years. The restrictions imposed on the tourist boats limited 
their speed on certain sections of the river to 9 knots and also reduced trip frequency. Both 
types of restriction (speed and trip frequency) significantly reduced erosion rates and it 
appears that, for all but the most vulnerable bank types, there is a boat speed and/or trip 
frequency below which negligible erosion will occur.
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The monitoring pin results also showed a very important point. Bank erosion by waves is 
discontinuous, both spatially and temporally, along sections of the same bank type, even 
when the long term bank retreat rate is the same. Fluctuations in river level were found to 
have a strong influence on erosion rates. The levee bank sections of the river eroded rapidly 
during periods of frequent high river levels, whereas the low lying fine-grained alluvial 
banks appeared to be most susceptible at low water levels. Thus a short term erosion
monitoring program, using only a small number of pins, could give highly misleading 
results.
The 9 knot speed limit imposed on the tourist boats using the Lower Gordon was the result of 
an experiment carried out to determine the erosive potential of the waves produced by the 
three tourist boats travelling at different speeds. This part of the study tried to identify 
thresholds in boat wave erosive energy and relate them to easily measured wave 
characteristics. The results show definite evidence of thresholds in wave erosive energy and 
these are well defined by most of the common wave parameters, except wave steepness. The 
wave parameters measured that describe the wave train as a whole (such as significant wave 
height) do not give a significantly better correlation with erosion rate than those which 
describe only a part (such as maximum wave height). This indicates that the erosive energy 
of a wave train may be concentrated in a small part of the train. Maximum wave height is the 
easiest parameter to measure and indicates a major threshold in wave erosive energy at a 
height of about 30cm to 35cm. Waves above this height would be expected to erode even 
highly resistant banks, whereas at lower maximum wave heights rates of erosion will be 
relatively low and the more resistant bank types will be stable. Waves below 10cm will 
have negligible erosive energy and will only affect the most susceptible bank types. For the 
tourist boats operating on the Gordon River, waves above 30cm were only produced at speeds 
above 9 knots and so this was set as the speed limit. Monitoring the effect of this speed limit 
showed that it effectively stopped erosion of the cohesive, low, fine-grained alluvial banks on 
the lower reaches of the river, but only reduced erosion of the uncohesive levee banks.
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As it was only possible to conduct field tests of the erosive effects of waves on one bank type, 
undisturbed sediment samples from a range of different bank types were collected and 
subjected to controlled wave attack in a laboratory wave tank. The erosion rates of the 
sediment samples were measured and correlated with selected wave and sediment 
characteristics to determine if a simple predictive model could be developed. However, due 
to the size of the tank the maximum wave height generated was only 15cm, which was below 
the the major threshold of 30cm identified in the field tests. In fact, the waves generated in 
the tank corresponded more to wind-generated waves on rivers than to boat waves. The main 
result was that, for waves below 15cm the rate of erosion is independent of variations in 
wave characteristics, but depends on variation in the bank type, particularly the percentage 
of coarse and medium sand in the sediment. The experiment also showed that bank sediments 
with low cohesion and high sand contents, such as the levees found on the Lower Gordon, can 
be eroded by waves as low as 4cm, and therefore there is probably no "safe" boat speed for 
this bank type. These banks can only be restabilized through natural or artificial 
revegetation, or some form of bank protection that either prevents waves reaching the bank 
face or increases bank resistance to wave attack.
This study has shown that boat-generated waves can be a significant cause of river bank 
erosion and are capable of damaging a range of different bank types. Rates of bank retreat can 
be easily and accurately monitored using erosion pins inserted horizontally into the eroding 
bank face. Erosion of most bank types can be prevented by restricting the speed and 
frequency of boat passages. This is because there appear to be definite thresholds in the 
erosive power of waves. This study showed that when maximum wave heights are kept below 
30cm (a major threshold) there will be negligible erosion of all but the most susceptible 
bank types. There are indications that the rate of bank erosion is controlled by variations in 
the characteristics of the attacking waves and by variations in bank sediment characteristics. 
Certain characteristics within these two groups appear to be the principal controls, but it is 
not yet clear how they interact and there is considerable scope for further work in this area.
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PERCENTAGE OF TOTAI RAM PI F
SAMPLE
CODE ORGANIC > SAND }
COARSE 




2d) ( SAND \ 4d> {S ILT } 8<|> {CLAY MEAN (|) MEDIAN <b
S1PA1 7.2 0 8.0 32.5 33 .7 8.4 10.0 3.3 2.2
S1PA2 0.9 0 5.1 47 .6 37.1 4.5 5.7 2.2 1.9
S1PA3 0.6 0 1.8 24.0 57.0 7.4 9.8 3.4 2.7
S1PA4 1.8 0 2.7 22.4 55.9 6.8 9.8 3.6 2.7
S1PA7 9.2 0 1.1 10.6 60.8 9.9 8.4 3.7 3.0
S1PA8 8.3 0 1.0 13.4 62.2 6.9 8.0 3.5 2.8
S1PA9 4.8 0 0.7 16.6 63.0 6.5 8.4 3.4 2.8
S1PA10 20.5 0 0 1.3 43.2 19.6 15.5 5.2 3.7
S1AE1 6.0 0 2.9 26.6 50.0 7.7 6.8 2.7 2.6
S1AE2 1.6 0 2.2 26.2 57.2 5.9 7.0 3.1 2.6
S1AE3 1.7 0 1.1 17.5 59.5 12.2 7.9 3.2 2.7
S1AE4 4.5 0 1.0 13.5 60.4 10.3 10.3 3.8 3.0
S1AC2 3.2 0 0.6 10.6 64.7 12.2 8.5 3.7 3.1
S1AC3 4.3 0 0.4 7.5 66.3 12.6 8.8 3.9 3.4
S1AC4 10.0 0 1.0 6.3 58.0 14.3 10.4 4.1 3.3
S1AD1 7.0 0 0.9 4.7 59.5 16.5 11.0 4.3 3.5
S1AD2 6.6 0 2.1 15.1 53.5 11.2 11.3 4.1 2.9
S3AA1 12.8 0 0.4 1.4 26.5 40.5 18.4 5.8 4.6
S3AA2 23.6 0 0.1 0.3 6.7 34.6 34 .6 7.9 7.5
S3AB1 50.4 0 0.3 1.2 18.6 14.7 14.7 6.6 4.5
S3AB2 36.9 0 0.3 0.5 6.3 29.0 27.0 7.8 7.0
S3AB3 18.2 0_____ 0.2 0.2 3.2 33.4 44 .6 ___ 8.5 8.4___
APPENDIX 1 Sediment characteristics for levee and low, fine-grained alluvial bank cross-sections.
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APPENDIX 2
M.ea?gred wave characteris tics and sedim ent sample erosion rates 
RUN (1)
WAVE CHARACTERISTICS MEAN EROSION RATF
M aximum wave height (Hmax) 4 .0cm Sam ple Rate (g m /c m 2/h r)
Mean wave height (FT) 4 .0cm WTC1 156.0
W ave period (T) 1.2s S1WT1 57.6
W ave velocity (C) 1 .3 6 m /s S1WT2 2.6
W ave length (L) 1.63m S1WT3 0
Mean wave power (P) 1 .84W /m SRWT1 0
HTYWT3 0
RUN (2)
WAVE CHARACTERISTICS MEAN EROSION RATE
Maximum wave height (Hmax) 5 .25cm Sample Rate (a m /c m 2/h h
Mean wave height (FT) 5 .25cm S1WT1 96.0
Wave period (T) 1 .16s S1WT2 24.0
W ave velocity (C) 1 .3 6 m /s S1WT3 0
W ave length (L) 1 .58m SRWT1 0
Mean wave power (P) 3 .0 W /m HTYWT3 0
RUN (3)
W AVE CHARACTERISTICS MEAN EROSION RATE
M aximum wave height (Hmax) 9 .0cm Sample Rate (a m /c m 2/hr1
Mean wave height (FT) 6.6cm BEWTC1 94.8
W ave period (T) 0 .8 9s SJFWT1 62.0
W ave ve locity (C) 1 .3 6 m /s SJFWT2 5.3
W ave length (L) 1.2m HTYWT3 2.2
Mean wave power (P) 4 .3 W /m SJFWT3 0.9
ECWT1 0
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R U N  (4 )
WAVE CHARACTERISTICS MEAN EROSION RATF
Maximum wave height (Hmax) 6.5cm Sam ple Rate (q m /c m 2/h h
Mean wave height (FT) 6.3cm SJFWT2 3.5
W ave period (T) 0 .91s SJFWT3 0.7
W ave velocity (C) 1 .3 6 m /s ECWT1 0
W ave length (L) 1.24m HTYWT3 0
Mean wave power (P) 3 .95W /m
RUN (5)
WAVE CHARACTERISTICS MEAN EROSION RATE
Maximum wave height (Hmax) 14.0cm Sample Rate (a m /c m 2/h h
Mean wave height (FT) 8.8cm MCWT3 471.0
W ave period (T) 0 .95s MCWT2 107.0
W ave velocity (C) 1 .5 m /s MCWT1 1.2
W ave length (L) 1 .4m HTYWT1 0.4
Mean wave power (P) 9.1 W /m LKRWT1 0.4
HBWT1 0
RUN (6A)
WAVE CHARACTERISTICS MEAN EROSION RATE
Maximum wave height (Hmax) 4.0cm SamDle Rate (a m /c m 2/hr1
Mean wave height (Ff) 4.0cm HPWT2 1.5
W ave period (T) 2 .28s HPWT3 1.2
W ave ve locity (C) 1 .5 m /s HPWT1 0
W ave length (L) 3.42m HTYWT3 0
Mean wave power (P) 2 .6W /m S5WT1 0
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RUN (6B)
WAVE CHARACTERISTICS MEAN EROSION RATF
Maximum wave height (Hmax) 5.3cm Sam ple R ate (g m /c m 2/hr)
Mean wave height (FT) 5.3cm HPWT2 4.9
W ave period (T) 1 .58s HPWT3 6.6
W ave ve locity  (C) 1 .8 m /s HPWT1 0
W ave length (L) 2.8m HTYWT3 0
Mean wave power (P) 5 .2W /m S5WT1 0
RUN (6C)
WAVE CHARACTERISTICS MEAN EROSION RATE
Maximum wave height (Hmax) 7.9cm SamDle Rate (q m /cm 2/hr)
Mean wave height (FT) 6.4cm HPWT2 3.9
Wave period (T) 1.35s HPWT3 1.2
W ave velocity (C) 1 .6 6 m /s HPWT1 0
W ave length (L) 2.25m HTYWT3 0
Mean wave power (P) 6 .5W /m S5WT1 0
RUN (6D)
WAVE CHARACTERISTICS MEAN EROSION RATE
Maximum wave height (Hmax) 14.0cm Samole Rate (a m /cm 2/h h
Mean wave height (FT) 8.9cm HPWT2 15.0
Wave period (T) 0 .96s HPWT3 0.7
W ave velocity (C) 1 .3 6 m /s HPWT1 0.2
W ave length (L) 1 .3m HTYWT3 0.2
Mean wave power (P ) 8.1 W /m S5WT1 0
137
RUN (6E)
W AVE CHARACTERISTICS MEAN EROSION RATE
M axim um  wave height (Hmax) 14.4cm SamDle R ate  (a m /c m 2/h r)
Mean wave height (H) 10.4cm HPWT2 20.0
Wave period (T) 0 .8s HPWT3 0.5
W ave velocity (C) 1 .2 5 m /s HTYWT3 0.4
W ave length (L) 1 .0m HPWT1 0.3
Mean wave power (P) 9 .2 W /m S5WT1 0
RUN (7)
WAVE CHARACTERISTICS MEAN EROSION RATE
Maximum wave height (Hmax) 1 5.4cm Sample R ate (a m /c m 2/h r)
Mean wave height (H) 9.4cm S1WT3 0.1
Wave period (T) 1.0s HPWT3 0.1
W ave velocity (C) 1 .3 6 m /s LKRWT1 0
Wave length (L) 1.36m HPWT1 0
Mean wave power (P) 9 .3 W /m HTYWT3 0
ECWT1 0
RUN (8)
WAVE CHARACTERISTICS MEAN EROSION RATE
Maximum wave height (Hmax) 12.6cm SamDle R ate (a m /c m 2/h r l
Mean wave height (H) 9.0cm SJFWT3 7.8
Wave period (T) 0 .78s MCWT1 2.0
W ave velocity (C) 1 .2 5 m /s HPWT1 0.3
W ave length (L) 0 .97m HTYWT4 0.1
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